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EXECUTIVE SUMMARY

A Remedial Investigation (RI) was performed by Radian under the

U.S. Air Force Installation Restoration Program (IRP) to characterize environ-

mental contamination present in East Area IRP sites on Carswell AFB, Texas,

the existence of which was documented in preceding IRP studies. The affected

environmental media include soil, surface water, and ground water present in

the surficial alluvial aquifer (Upper Zone). In contrast to Upper Zone

ground-water contamination that occurs within the Carswell APE Flightline

Area, contamination in the East Area is considerably less extensive, and is of

varying nature that can be directly correlated with discrete point sources

(i.e., the subject IRP sites of this report). The RI was conducted in stages

from 1988 to 1991. Radian also performed the earlier IRP Phase II Stage 1

investigation (1986); the IRP Phase I Records Search was performed by CH2M

Hill (1984).

The most recent field and analytical effort was conducted in 1990

to provide additional information necessary to support a Feasibility Study

(FS) of remedial alternatives applicable to the East Area sites. The 1990

effort was limited to further characterization of four of the East Area IRP

sites:

• Site LFO1 - Landfill 1;

• Site SD13 - Unnamed Stream and Abandoned Gasoline Station;

• Site ST14 - POL Tank Farm; and

• Site BSS Base Service Station.

The locations of these, and other East Area IRP sites that are addressed in

separate project reports and documents, are shown in Figure ES-l.

Two major tasks were performed to address existing data gaps.

Monitor wells were installed at Sites SD13 and ST14 to provide new or ad-

ditional information on the extent of Upper Zone ground-water contamination,
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the potentiometric surface configuration and ground-water flow directions.

One additional round of ground-water samples was collected from the newly

installed and existing monitor wells, and four surface water samples were

collected from Unnamed Stream at Site SD13. All samples were analyzed for

waste-specific indicator chemicals for each site. Metals analyses were

performed on both filtered and unfiltered samples.

The shallowest water-bearing zone, known as the Upper Zone Aquifer

was the focus of the East Area IRP efforts. In the East Area, as well as

across Carswell AFB and the adjoining area of Air Force (AF) Plant 4, the

Upper Zone consists of unconsolidated Quaterriary and Recent alluvial deposits

(sand, gravel, silt, and clay) that contain ground water under unconfined

conditions. The Upper Zone deposits in the East Area vary from approximately

7 to 20 feet thick, except immediately adjacent to the Trinity River where

they are thicker. The Upper Zone is underlain by low permeability limestones

and shales of the Cretaceous Goodland and Walnut Formations which form a basal

aquiclude. Ground water in the Upper Zone Aquifer is encountered at depths

ranging from approximately 6 to 13.5 feet below ground level (bgl) and ground-

water flow in the East Area is generally toward the Trinity River. Based on

six slug tests performed in East Area wells in 1988, calculated hydraulic

conductivities of the Upper Zone range from approximately i05 to 10-2 cm/sec.

A series of hydrogeologic cross-sections through the East Area was prepared

from boring logs and synoptic water level measurements. They are included in

Section 3 of this report to illustrate the local subsurface conditions.

The main surface water bodies located in the East Area are the

West Fork of the Trinity River, Farmers Branch, and the Unnamed Stream at Site

SD13. The Unnamed Stream emerges from an oil/water separator and flows into

Farmers Branch, which in turn discharges to the Trinity River along the

eastern boundary of Carswell AFE.

Ground-water samples from 21 wells were most recently collected by

Radian for chemical analysis during April and May 1990. Four surface water

samples were also collected. All East Area monitor wells are completed in the

Upper Zone Aquifer. Since the wastes and known contaminants vary from site to

site, not all samples were analyzed for the same suite of indicator chemicals.

ES-3



Therefore, the analytical results are most conveniently discussed on a site-

by-site basis. Both organic and inorganic constituents exceeding EPA Maximum

Contaminant Levels (MCLs) for drinking water were detected in the East Area in

past sampling efforts.

Generally, detected contaminant concentrations in ground-water and

surface water samples collected in 1990 were lower than concentrations of the

same analytes detected in previous IRP studies. This trend may be the result

of normal variability or natural attenuation of these constituents in the

ground-water and surface water systems; however, it should be noted that the

weeks immediately preceding the Spring 1990 sampling event were characterized

by abnormally high precipitation (and flooding). The resultant increase in

infiltration and recharge may have had the effect of diluting contaminants,

resulting in lower concentrations of detected constituents. It is recommended

that remedial alternatives to be developed in the FS incorporate technologies

(i.e., verification sampling, long-term monitoring) to resolve this uncertain-

ty.

No definable volatile organic or metals contaminant plumes were

identified in the Upper Zone ground water at Landfill 1 (Site LFO1). Although

several volatile organic compounds were detected in past sampling efforts, and

in ground-water samples collected most recently in 1990, all concentrations

have been below MCLs. Further, the occurrence of detectable concentrations of

volatile organic compounds is sporadic, and therefore inconsistent with the

existence of a coherent plume. No metals were detected in concentrations

above MCLs in any ground-water or surface water samples collected in 1990.

Therefore, the previously interpreted metals contamination is not supported by

the most recent data.

IRP activities conducted at Site SD13 (Unnamed Stream and Aban-

doned Gasoline Station) in 1985 revealed high levels of organic compounds in

ground water, probably originating from petroleum hydrocarbons. However,

based on the 1990 volatile organic compounds analytical results, the abandoned

gasoline station does not appear to be contributing appreciable organic

contamination to the shallow ground-water system. No metals were detected

above MCLS in the shallow ground water at Site SD13. Any contaminants in the
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ground water would be expected to move hydraulically downgradient, eventually

entering either the oil/water separator and the Unnamed Stream or Farmers

Branch itself, where the initially low ground-water concentrations would be

further diluted. Still more dilution of contaminants would result as Farmers

Branch flows into the West Fork of the Trinity River less than one-half mile

from Site SD13. Any VOCs entering Farmers Branch and the Trinity River would

be subject to volatilization to the air.

No volatile organic compounds were detected above MCLs in the

surface water samples from Site SDl3, The results of the laboratory analysis

for inorganic constituents suggest that metals in the Unnamed Stream are

preferentially adsorbed to sediments rather than remaining dissolved in the

surface water. Total arsenic and total lead were detected above MCLs in at

least one surface water sample. Selenium in one sample was the only metal

reported above the MCL in any dissolved metals analysis. This concentration

was determined to be a reporting error and was actually below the detection

limit. As evidenced by the lower dissolved and total concentrations of

arsenic and lead in the downstream water samples, the metals apparently tend

to accumulate in the stream bed sediments. Iron oxides, observed coating

bottom sediments in the Unnamed Stream in the Phase II Stage 1 investigation,

suggest that precipitation of metals is active. As long as the source of

these metals persists, the metals will continue to accumulate in the sediments

in the upper reaches of the stream.

Benzene, ethylbenzene, chlorobenzene, toluene, and total xylenes

were detected in the ground water at Site ST14 (POL Tank Farm). Of these,

ethylbenzene was the most common. However, benzene was the only volatile

organic compound detected at a concentration which exceeded its MCL. Figure

ES-2 depicts the probable extent of benzene contamination at Site ST14,

interpreted from the 1990 analytical data and the distribution of soil gas

determined in an earlier survey (Radian, 1989). Two separate accumulations of

benzene are suggested. These plumes are roughly coincident with the two

plumes interpreted earlier. Monitor well ST14-l7M, located at the center of

the benzene plume beneath the fuel loading facility, had the highest con-

centration of benzene, and the only concentration in excess of the MCL. Over
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Figure ES-2. Probable Extent of Benzene Contamination (Spring 1990),
Site ST14, Carswell AFB, Texas
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2 feet of free product was encountered at ST14-l7M during the 1990 sampling

event. The highest concentrations of chlorobenzene, toluene, and total

xylenes were also detected in this well.

Chromium was detected above its MCL in only one well at Site ST14,

and this concentration was measured in the total metals analysis. Lead was

detected above MCLs in three monitor well samples at ST14, but only one

analysis was for dissolved metals. The single dissolved lead occurrence above

the MCL does not suggest significant ground-water contamination.

Both volatile organic compounds and metals were detected at Site

BSS (Base Service Station), In the previous Stage 2 investigation (Radian,

1989), volatile organic compounds were detected primarily in ground-water

samples from monitor well BSS-B. In samples collected during the Spring 1990

sampling event, volatile organic compounds were detected only in this well.

Because of the apparent localized nature of the volatile organic con-

tamination, the underground storage tank adjacent to monitor well BSS-B is

interpreted as the source of the observed contamination.

In the 1990 sampling event, cadmium was detected above the MCL in

monitor well BSS-C in the total metals analysis. Cadmium was not detected in

any other well, or in the filtered sample (dissolved metal fraction) from the

same well. Therefore, ground-water contamination at the site is interpreted

to be limited to volatile organic compounds.

Baseline risk assessments incorporating the 1990 analytical

results were performed for the East Area sites included in the 1990 effort.

Indicator chemicals, contaminant release, transport and fate mechanisms, and

potential receptors and exposure pathways, specific to each of the East Area

sites were identified and evaluated. All of the East Area sites were deter-

mined to pose no significant human health threat, based on evaluation of

carcinogenic and noncarcinogenic (chronic) risks. In all cases, noncar-

cinogenic risks were too low to merit quantification. Environmental

(terrestrial wildlife and aquatic organisms) risks were concluded to be

minimal.
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Using all available information generated in the IRP, the East

Area sites were evaluated using the Defense Priority Model (DPM). The East

Area sites (and the combined IRP sites in the Flightline Area) received the

following scores and ranks:

Rank Site Score

1 Unnamed Stream (SD13) 20,760

2 Flightline Area (LFO4, LFO5, 19,381

WPO7, FTO9)

3 Landfill 1 (LFO1) 7,036

4 Base Service Station (BSS) 5,929

5 POL Tank Farm (ST14) 4,584

Based on a more detailed review of available data, Radian assigns a higher

priority to the POL Tank Farm and the Base Service Station, respectively, than

to Landfill 1. A Decision Document for Site BSS (Radian, 1990), describing on

a preliminary basis the recommended remedial alternative, has already been

prepared and provided to the Air Force.

Recommendations for addressing remaining data needs for design and

implementation of remedial actions are provided in Section 7. It is antic-

ipated that all of the required data can be obtained within the detailed

design phase of the selected remedial actions, and no additional separate

remedial investigation effort is proposed.
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1.0 INTRODUCTION

1.1 Purpose of Study

The purpose of this study was to supplement previously obtained

information to describe in detail the environmental conditions in the East

Area (Sites LFO1, SD13, ST14, and BSS) of Carswell AFE, Texas. The knowledge

of environmental conditions allows the evaluation of environmental impacts of

past and/or ongoing releases of wastes or waste constituents from these sites

so that remedial actions can be designed and implemented, if required.

Previous IRP studies documented environmental contamination as-

sociated with each of these East Area sites. Detectable concentrations of

several organic and inorganic constituents were found in surface water samples

and in soil and ground-water samples from the Upper Zone (referred to as the

Upper Zone and the uppermost aquifer, consisting of unconsolidated alluvial

deposits and fill, originally defined by Hargis and Montgomery, Inc., 1983).

However, the extent of the existing contamination was not completely defined,

and the additional Stage 2 activities reported in this document were recom-

mended by Radian and authorized by HSD/YAQ under Modification 05, USAF

Contract No. F33615-87-D-4023, Delivery Order No, 04.

In contrast to the Upper Zone ground-water contamination that

underlies the IRP sites in the Carswell AFB Flightline Area, contamination in

the East Area is considerably less extensive and can be directly correlated

with discrete point sources (i.e., the subject IRP sites of this inves-

tigation). Additional IRP RI/FS Stage 2 field and analytical efforts were

performed in the East Area between 5 March and 22 June 1990 to better define

the nature and extent of contamination associated with Sites LFO1, SD13, ST14,

and ESS. This report summarizes the current understanding of the hydrogeo-

logic setting and Upper Zone ground-water characteristics at these sites based

on all data compiled to date.

Two major field tasks were performed to fill existing data gaps.

Monitor wells were installed at Sites SD13 and ST14 to provide new or ad-
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ditional information concerning the extent of Upper Zone ground-water con-

tamination, the potentiometric surface configuration, and ground-water flow

directions. One additional round of ground-water samples was collected from

all newly installed and existing monitor wells, and four surface water samples

were collected from the Unnamed Stream at Site SD13. Ground-water and surface

water samples were analyzed for waste-specific indicators for each site.

Metals analyses were performed on both filtered and unfiltered samples to

determine the dissolved metals contribution to the total metals con-

centrations.

1.2 East Area Site Descriptions

Carswell AFB is located approximately six miles west of the center

of Fort Worth in Tarrant County, Texas (Figure 1-1). This report focuses on

four of the previously investigated IRP sites located in the East Area of the

base (Figure 1-2).

The East Area includes six discrete sites that were identified as

potential sources of contaminants in previous IRP studies (Figure 1-3), They

are:

• Site LFO1 (previously Site 1) - Landfill 1;

• Site SD1O (previously Site 13) - Flightilne Drainage Ditch;

• Site OTl2 (previously Site 15) - Entomology Dry Well;

• Site SD13 (previously Site 16) - Unnamed Stream and Abandoned

Gasoline Station;

• Site ST14 (previously Site 17) - POL Tank Farm; and

• Site BSS - Base Service Station.
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Figure 1-1. Regional Setting of Carswell AFB, Texas
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Figure 1-3. Location of East Area IRP Sites, Carswell AFE, Texas
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Data obtained in the earlier IRP investigations were sufficient to prepare a

Decision Document identifying the recommended remedial action for Site 5Db;

and for Carswell AFB personnel to take over additional site characterization

activities (soil sampling and analysis) prior to planned construction at Site

0T12. Additional Stage 2 activities were undertaken at Sites LFO1, SD13,

ST14, and BSS only. In the following subsections, these sites are described

in terms of their physical features and historical uses. The descriptions of

these sites and the wastes reportedly disposed of or released from each are

taken mainly from the Phase I Records Search (CH2M Miii, 1984).

1.2.1 Site LFO1 - Landfill 1

Landfill 1 is, reportedly, the original base landfill and was oper-

ated during the 1940s. The site is located adjacent to the Trinity River

levee at the current location of the Defense Reutilization and Marketing

Office (DRMO) storage yard. Due to its age, no records were found concerning

past waste disposal practices. However, analytical data obtained in the IRP

studies suggest that solvent and metals-bearing wastes may have been among the

landfilled wastes.

1.2.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Site SD13 consists of two areas: a paved lot near an abandoned

gasoline station located west of the former Entomology Dry Well (Site 0T12),

and the Unnamed Stream itself. The paved lot was investigated because past

operation of the abandoned gasoline station might have resulted in petroleum

products being released to the environment. The only remnant of the former

gasoline station is a concrete island where the pumps were situated. Surface

runoff from the paved lot is to the south and east. The Unnamed Stream is a

small tributary of Farmers Branch that emerges from an underground oil/water

separator (Facility 38). The stream and the separator are located south of

the new communications building (No. 1337) and immediately south of the fenced

civil engineering storage yard. The oil/water separator is connected to a

french underdrain system which was reportedly built in 1965 to intercept

hydrocarbon products leaking from the POL Tank Farm into sewer pipes. Unnamed
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Stream is perennial, receiving flow from ground water entering the french

drain and separator.

1.2.3 Site ST14 - POL Tank Farm

The POL Tank Farm is located along Knights Lake Road, near the

Carswell AFB main gate. The site is occupied by two above ground fuel storage

tanks. Three additional tanks were formerly located at this site, but have

been dismantled. During the early 1960s, fuel was discovered in the ground at

and downgradient the site. A french drain system was installed in the

downgradient area to collect the released fuel. The french drain discharged

through the oil/water separator at Site SD13 (Section 1.2.2). At that time,

the leaking underground pipes were reportedly located and replaced. No other

fuel releases were reported after 1965, but the french drain system continues

to collect petroleum wastes, and free floating product was present in one site

monitor well during the 1990 IRP field effort.

1.2.4 Site BSS - Base Service Station

The Base Service Station is located on the northwest corner of

Rogner Drive and Jennings Drive. Gasoline is stored in four 10,000-gallon,

fiberglass reinforced plastic underground tanks located north of the pump

islands. Surface drainage from Site BSS flows to culverts adjacent to Rogner

Drive. The Base Service Station has been in operation for less than 20 years.

It was constructed to replace the service station which was formerly located

at Site SD13 (Section 1.2.2). The main contaminants identified with Site BSS

are petroleum fuel and fuel derivatives. A Decision Document for remediation

of this site was prepared (Radian, 1990), but collection and analysis of

another round of ground-water samples from existing site monitor wells was

authorized by the Air Force to supplement available data.

1.3 Summary of Previous East Area Investigations

Sites LFO1, SD13, and ST14 were included in two separate IRP Phase

II investigative efforts; the Stage 1 Preliminary Assessment (PA) and the
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Stage 2 Site Inspection (SI). Site BSS, the Base Service Station, was not

identified in the IRP Records Search as a potential contaminant source and was

first investigated in the Stage 2 effort conducted by Radian in 1987-88 at the

request of the Air Force. The existence of environmental contaminants

associated with each of these sites was documented; however, additional

information to define or verify the extent of contamination, and the nature

and magnitude of contaminants at these sites was recommended. Radian per-

formed the second episode of Stage 2 activities in March through June, 1990.

The East Area isldcated on land that gently slopes eastward to the

West Fork of the Trinity River and southward to Farmers Branch. Surface

elevations range from 595 feet above mean sea level (MSL) west of the POL Tank

Farm (Site ST14) to 560 feet MSL on the flood plain above the Trinity River.

No abrupt elevation changes occur within this area except close to the Trinity

River and Farmers Branch.

In general, the geologic settings of the Flightline Area and the

East Area are similar. The geology of the East Area consists of a thin veneer

of alluvial material (Upper Zone) overlying the Coodland Limestone and Walnut

Formation. The alluvium consists of clay, sand, and gravel. The Goodland and

Walnut Formations contain fresh and weathered limestone, and shale. Together

these units form a basal confining unit to the Upper Zone. No wells were

drilled in the East Area that penetrated through the Coodland/Walnut For-

mations to the underlying Paluxy Formation.

The Upper Zone in the East Area generally consists of 5 to 15 feet

of gray to black clay overlying 2 to 10 feet of fine-grained sand and up to 5

feet of gravel. The shallowest bedrock, the Goodland Formation, is usually

encountered from 7 to 20 feet below ground level (bgl) in the East Area. In

general, the depth to the Goodland decreases as the Trinity River is ap-

proached.

Upper Zone ground water in the East Area generally occurs at depths

ranging from 7 to 23 feet bgl. Upper Zone ground-water flow is either east,

toward the Trinity River, or south, toward Farmers Branch. The local direc-
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tion of ground-water flow in the Upper Zone is apparently controlled by the

elevation of the upper surface of the Coodland Limestone. This observation is

consistent with the finding from the Flightline Area, where ground water in

the Upper Zone also flows along the top of the Coodland Limestone. No

information on the nature of the Paluxy Aquifer in the East Area is available

because drilling activities in this area were confined to the Upper Zone.

The following paragraphs summarize, on a site-by-site basis, the

major findings of activities previously performed throughout the IRP relative

to the nature and extent of contamination at Sites LFO1, Sf13, ST14, and ESS.

All field and analytical data from preceding investigations are contained in

the Phase I Records Search (CH2M Hill, 1984), Phase II Stage 1 report (Radian,

1986), and Final Draft Phase II Stage 2 RI/FS report (Radian, 1989).

1.3.1 Site LFO1 - Landfill 1

Landfill 1 is located or a gently sloping terrace inuned.iately west

of the West Fork of the Trinity River. Surface elevations range from ap-

proximately 567 feet above mean sea level (MSL) near the west boundary of the

DRMO yard to 560 feet MSL on the levee above the river.

Prior to the current study, six Upper Zone monitor wells (four in

Stage 1 and two in Stage 2) were installed at Site LFO1 (Figure 1-4).

Electromagnetic profiling and an earth resistivity survey (vertical electrical

soundings) were also performed during Stage 1. The Upper Zone deposits

encountered during drilling were somewhat different than those encountered

elsewhere in the East Area. The material beneath Site LFO1 consists entirely

of fill, clay, and sandy clay. The sand and gravel layers penetrated in other

East Area wells and borings are absent beneath the DR0. The large amount of

fill material (asphalt, concrete, tar, wood chips) encountered beneath the

DRNO indicates that the area has been extensively modified by human activ-

ities.
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The surface of the underlying Goodland Limestone dips relatively

steeply to the east beneath the site, reflecting channel cutting and erosion

of the limestone by the West Fork of the Trinity River. The land surface

elevation does not dip eastward as steeply as the limestone; therefore, the

thicknesses of alluvjtun in the easternmost wells (LFO1-1E and LFO1-1F) are

greater than in other wells in the East Area.

The depth to Upper Zone ground water at Site LFO1 ranges from about

5 feet at the upgradient location to about 20 feet bgl at the downgradient

locations. The Upper Zone water table tends to reflect the surface of the

Goodland Limestone because the ground water in the Upper Zone is confined

below by the Goodland Formation. Ground-water flow beneath the site is

eastward to northeastward, toward the West Fork of the Trinity River. An

average seepage velocity of approximately 0.6 feet per day was calculated from

slug test results of site wells.

Soil analytical results provided no evidence of waste material or

contamination by waste constituents. Very low levels of volatile organic

compounds (TCE, vinyl chloride) were detected in some ground-water samples.

However, their sporadic occurrence and low concentrations did not suggest the

existence of a defined ground-water contaminant plume.

Metals were detected in concentrations above their MCLS in some

unfiltered ground-water samples, However, no dissolved metals analyses were

performed prior to 1990. Total metals concentrations generally increased in

downgradient wells, suggesting the former landfill was their source.

1.3.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Site SD13 is located to the south and west of Site 0T12. It is

divided into two parts: the Unnamed Stream from the oil/water separator to

Farmers Branch, and the paved lot in the vicinity of an abandoned gasoline

station near Site 0T12. The Stage 1 investigations near the Unnamed Stream

consisted of the collection of soil samples from three harid-augered borings

and of water samples from the oil/water separator and a point near the
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confluence of the Unnamed Stream and Farmers Branch. Investigations in the

paved lot included a geophysical survey and drilling of three soil borings

from each of which grab samples of ground water were collected and analyzed.

The Stage 2 investigation required collection of surface water samples from

the Unnamed Stream at four locations (Figure 1-5) that were resainpied in the

1990 study.

Site SD13 is underlain by clay, sand, and gravel of alluvial origin

that rests on the southerly dipping surface of the Goodland Limestone. The

sand and gravel beneath the site are apparently laterally continuous, pro-

viding a permeable pathway for the movement of Upper Zone ground water on top

of the relatively impermeable limestone. Ground-water levels were estimated

during drilling of the Stage 1 soil borings at depths ranging from about 7 to

10 feet bgl, corresponding to elevations of approximately 558 to 560 feet MSL.

Based on these observations, ground-water flow is southward toward Farmers

Branch.

Past total metals concentrations detected in the surface water

samples from Site SD13 appeared to be related to discharge front the oil/water

separator. Metals were detected in the water sample collected from the

separator arid in the soils downstream from the separator. However, the

analytical results provided little evidence of significant metals con-

tamination of surface water in Unnamed Stream. The adsorption of metals onto

the sediments of the Unnamed Stream is apparently an effective mechanism for

removing the metals from the stream water. The concentration distribution of

total metals detected in the surface water was consistent with the tendency

for metals to sorb onto sediments.

Surface water samples from Unnamed Stream contained benzene and

toluene, apparently derived from waste fuels. Concentrations of these

contaminants decreased with increasing distance downstream, probably due to

volatilization. On this basis it was concluded that natural seepage, if any,

entering the stream did not contribute significant contaminants and therefore

the oil/water separator is the primary source of the surface water con-

tamination.
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Grab samples of ground water collected in Stage 1 contained detec-

table concentrations of volatile aromatic compounds, probably derived from

fuels. Given the conditions near the site, the contaminants were interpreted

to be from one or both of the following sources: 1) a spill at the former

gasoline station or leakage from buried tanks associated with the station; or

2) leakage from the POL Tank Farm.

1.3.3 Site ST14 - POL Tank Farm

The land surface at Site ST14 is relatively flat, ranging from

about 580 to 572 feet MSL, west to east. Surface drainage is to the east-

southeast, with some drainage into the concrete-lined portion of the Flight-

line Drainage Ditch (Site SD1O).

Prior to the current study, eight soil borings were drilled in and

around the site in Stage 1. In Stage 2, five Upper Zone monitor wells were

installed and a soil gas survey was performed (Figure 1-6).

Drilling on site indicated that the Upper Zone in the POL Tank Farm

area typically consists of approximately 10 feet of gray to tan clay, under-

lain by five to 10 feet of sand and gravel. Limonite staining, pebbles and

freshwater gastropod shells are common in the clay. The clay also frequently

had a hydrocarbon odor during drilling. The sand is gray, tan to brown, or

pink in color, and is generally fine-grained. Gravel ranges from pea size to

pebbles over an inch in diameter.

The depth to the Goodland Limestone beneath the POL Tank Farm

ranges from 16 to over 20 feet bgl. Where the elevation of the limestone is

known, it forms a fairly uniform, gently southwesterly-dipping, surface at

approximately 555 feet to 556 feet MSL.
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Location of Stage 2 Monitor Wells and Soil Gas Sampling Points,
Site ST14 - POL Tank Farm, Carswell AFB, Texas
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The depth to Upper Zone ground water at the site varies from

approximately 9.5 feet to 16 feet bgl, with corresponding elevations of 560 to

571 feet MSL. The ground-water surface slopes to the southeast, toward

Farmers Branch, and the average ground-water flow velocity, calculated from

slug test results is approximately 0.2 feet per day. Ground water in the

Upper Zone occurs under unconfined conditions.

The results of the soil gas survey conducted at the POL Tank Farm

and the pipeline/truck loading area east of the tanks during Stage 2 indicated

that two areas are underlain by hydrocarbon vapor plumes (Figure 1-7). The

largest plume encompassed an area approximately 100 feet wide and 300 feet

long underlying the vicinity of Tanks 1156 and 1157. A smaller plume was

present beneath the pipeline/truck terminal area.

Soil analytical results indicated that petroleum hydrocarbons are

the principal contaminant of concern. The distribution of hydrocarbon

contamination in soil resembled the occurrence of ground-water contaminants.

Drilling in the unsaturated portion of the Upper Zone deposits generally did

not yield materials with visible contamination, suggesting localized sources

of contamination and migration of contamination to the ground water.

Ground-water contaminants, principally volatile aromatic compounds

associated with petroleum products, occurred in two areas at Site ST14 that

partially correlated with the two soil vapor plumes. The extent of the

easternmost ground-water plume was not well defined.

1.3.4 Site BSS - Pase Service Station

The B'ase Service Station is located on a gently sloping terrace on

the west side of the West Fork of the Trinity River. Elevations range from

approximately 567 feet MSL near the Base Service Station to 560 feet MSL just

east of the site. All previous work performed at Site BSS was accomplished

during Stage 2 and consisted of a soil gas survey, installation of three Upper

Zone monitor wells, and soil sampling from one soil boring.
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Figure 1-7. Probable Areas of Soil Gas Plumes (ppm > 1000) at Site ST14

(POL Tank Farm), Carswell AFB, Texas (December 1987)
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The Upper Zone deposits encountered during drilling at the BSS site

are characteristic of the East Area in general. Bedrock was encountered

between depths of 6 to 12 feet bgl in all boreholes. The typical Upper Zone

sequence consists of 3 to 9 feet of clay and silt, underlain by a thin layer

of sand with minor gravel. Under the sand and gravel is the limestone of the

Goodland Formation. The shallow depth of the Goodland is consistent with the

overall geologic setting of the East Area. The surface of the Goodland

Limestone dips to the east beneath the site, with the dip of the bedrock being

slightly greater than the slope of the land surface.

The depth to water at the BSS site ranges from about 5 feet to just

over 11 feet bgl. The water table in the Upper Zone slopes to the east. The

ground-water gradient is fairly consistent with the slope of the underlying

bedrock surface. Ground-water flow is toward the West Fork of the Trinity

River.

Based on the results of the soil gas survey, two areas were under-

lain by hydrocarbon vapor plumes (Figure 1-8). The results showed that soil

vapor plumes were present just north of the station, extending from the

underground storage tanks to east of Rogner Drive, and also at the southern

end of the station. The largest plume encompassed an area approximately 100

feet wide and 200 feet long. The smaller plume at the south end of the

station was roughly 75 feet in diameter.

Contaminants detected in soils were petroleum hydrocarbons and a

variety of volatile organic compounds. However, the extent of soil con-

tamination appeared to be localized around boreholes BSS-A and BSS-B and no

off-site soil contamination was detected.

Ground-water contaminants were principally volatile aromatic com-

pounds associated with petroleum products and occurred mostly at well BSSB,

located in close proximity to the underground storage tanks.
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Soil gas results arid ground-water results correlated well for the

northernmost vapor plume, but there was a poor correlation for the vapor plume

that was centered on monitor well BSS-A. Although a soil gas plume was

detected at BSS-A, concentrations of organic contaminants in ground water were

low enough to be attributable to cross-contamination alone. Therefore, the

extent of ground-water contamination appeared to be localized around monitor

well BSS-B.

1.4 Report Organization

Following this Introduction, the field activities performed to

characterize the East Area sites are presented in Section 2. The techniques

and methodologies used to accomplish the field program for the comprehensive

Phase II scope of work are described in detail, Section 3 presents a gener-

alized description of the physical environmental setting of the East Area

based on interpretation of data from the current investigation and from

previous studies. As appropriate, notable site-specific features are also

described. The nature and extent of surface water and ground-water con-

tamination, determined from the most recent round of sampling and analysis

(May-June 1990) are discussed by site in Section 4, and Section 5 addresses

contaminant fate and transport. Section 6 outlines the risks to human health

and the environment associated with exposure to the contaminants present in

the East Area, and presents the Defense Priority Model (DPM) site ranking

results. Section 7 summarizes the major findings of the RI and presents the

conclusions regarding data limitations and recommendations for additional

activities.
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2.0 FIELD TECHNIQUES AND ANALYTICAL METHODS

Numerous field techniques and analytical methods were used to

characterize environmental conditions in the East Area of Carswell AFB during

the Phase II IRP effort. The following subsections describe the techniques

for drilling and soil sampling (including analytical methods, holding times,

and collection and preservation requirements), the methods for conducting

geophysical surveys, the methods and specifications for well construction and

development, the techniques for collecting water samples (including analytical

methods, holding times, and collection and preservation requirements), the

single well aquifer (slug) test method used to estimate aquifer properties,

and surveying requirements.

2.1 Drilling and Soil Sampling

All drilling in the East Area of Carswell APE was accomplished

using the hollow-stem auger (liSA) method. The liSA drilling technique was

selected based on the shallow anticipated depth of completion, and the

expected geologic conditions. After each borehole was completed, the drilling

rig, auger flights, and equipment were decontaminated with a high temperature,

high pressure steam-sprayer using base potable water. Cuttings suspected of

being contaminated on the basis of visual evidence and organic vapor analyzer

(OVA) or photoionization detector (HNu) readings were placed in steel 55-

gallon drums. Selected samples of cuttings were collected and submitted for

analysis of EP Toxicity.

A Mobile Drill B-61 or a CME-75 hollow-stem auger drilling rig was

used to perform shallow soil borings and installation of the Upper Zone

monitor wells. The hollow-stem auger method allows for recovery of relatively

undisturbed subsurface soil cores, determination of subsurface lithologies and

structures, and accurate identification of the position of the water table.

The boreholes were drilled dry; no drilling fluids or additives were used.

Samples of soil were collected with either a split-spoon sampler, a thin-wall

sampler (Shelby tube), or a CME 5foot continuous core sampler.
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The soil samples were described in terms of lithology, moisture

content and any evidence of contamination. Lithologic logs of boreholes

drilled during the most recent (1990) field activities are provided in

Appendix A. Photographs of selected soil cores showing lithologic charac-

teristics were also taken.

Selected samples were shipped on ice to Radian's laboratory for

chemical analysis. Analytical parameters for soil samples are listed in Table

2-1. No soil samples were collected for chemical analysis in the Stage 2

effort performed in 1990.

2.2 Geophysical Surveys

Geophysical surveys were performed to define the vertical and

lateral extent of waste-disposal activities, to provide a preliminary assess-

ment of the subsurface conditions around the sites, and to investigate the

potential existence of buried objects at several locations. All geophysical

tasks at the East Area sites were performed during Phase II Stage l

All survey grids were laid out using a compass and measuring chain.

Stations were marked with labelled pin flags or spray paint. The geophysical

techniques employed in the East Area characterization efforts were earth

resistivity (Site LFO1), magnetic and magnetic gradient (Site SD13), arid fixed

frequency electrornagneticprofiling (EMP) conductivity (Site LFO1). The Earth

Technology Corporation of Golden, Colorado performed the geophysical surveys.

Following are brief descriptions of the various geophysical techniques used to

characterize the East Area sites included in this report.

2.2.1 Electrical Resistivity

Earth resistivity was measured by direct current Schlumberger

soundings (vertical electrical soundings - VES) at Site LFO1 (Landfill 1).

The Bison Model 2350 Earth Resistivity meter was utilized for the VES measure-

ments. Current electrode separations used were (in meters): 1, 2, 3, 4, 6,

2-2
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10, 14, 20, 30, 40, and 50 (1 meter equals 3.28 feet). The sounding data were

processed using the ABEM VES iteration process to obtain a best fit curve and

were plotted logarithmically as resistivity in ohm-meters versus half the

current electrode separation in meters. The plot also includes the layered

earth model giving the best match. At most VES sites, orthogonal electrode

arrays were used to test for distortions of the data due to lateral inhomoge-

neities in the ground.

2.2.2 Electromagnetic Surveys

An electromagnetic profiling (EMP) survey was conducted at Site

LFO1 (Landfill 1) using two devices: the Geonics EM31 and the Geonics EM34-3

ground conductivity sensors. Both ground conductivity sensors are designed

for rapidly obtaining data over large areas. The meters employ magnetic

dipoles or magnetic induction loops for transmission and reception of low

frequency electromagnetic waves. The effective depth of investigation of the

EM31 is six meters; the depth of investigation provided by the EM34-3 depends

on the coil separation and orientation, applied frequency, and to some extent,

the conductivity profile of the subsurface. The techniques and conditions at

Carswelj. AFB resulted in an effective investigation depth of 15 meters (50

feet) with the EM34-3, The resulting data were reported in units of

millimho s/meter.

2.2.3 Magnetometer Surveys

The magnetometer survey at Site SD13 was accomplished using an EDA

PPM500 proton magnetometer. The magnetometer survey was performed because the

overburden at Carswell has a low magnetic susceptibility and buried metallic

objects would create a noticeable magnetic anomaly. Readings of the total

field and magnetic gradient were taken at each location. The units for these

readings are gammas and gammas per one-half meter (1.64 feet), respectively.

The magnetometer survey of Site SD13 was performed to determine the locations

of buried tanks reportedly existing at the site in the vicinity of the former

base service station.
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2.3 Monitor Well Construction and Development

During the Phase II activities in the East Area, a total of 22

Upper Zone monitor wells were installed. The construction specifications and

well development procedures are described in the following sections.

2.3.1 Monitor Well Construction

Upper Zone monitor wells were installed either immediately after

completion of the drilling operations or after the borehole produced enough

water to warrant a well. Construction specifications for the Upper Zone

monitor wells are presented in Table 2-2. Well completion summaries for East

Area monitor wells completed in the most recent (1990) investigation are

provided in Appendix B. Construction methods were generally consistent with

the specifications provided in the SOW. Any changes necessitated by unan-

ticipated field conditions were made with the knowledge and approval of the

HSD/YAQ Technical Program Manager. Decisions regarding the setting of the

screen and casing, length of screen, amount of sand pack and bentónite were

made in the field by the Radian Supervising Geologist based on the static

water level and saturated thickness of Upper Zone sediments. Monitor wells

were installed using the following procedures:

1. Prior to installation, the casing and screen sections were

thoroughly washed using a high temperature, high-pressure

steam sprayer, with base potable water.

2. Screen and casing sections were assembled, then lowered care-

fully into the borehole. As the string of screen and casing

was lowered, additional sections of casing were added until

the bottom of the screen reached the bottom of the borehole.

The top of the casing was capped to prevent any completion

materials (sand, bentonite pellets, and grout) from entering

the casing during well construction activities.
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TABLE 2-2. UPPER ZONE MONITOR WELL CONSTRUCTION SPECIFICATIONS,
EAST AREA, CARSWELL AFB, TEXAS

1. Casing: Two-inch diameter, threaded and flush jointed, Schedule 40 PVC.

2. Screen: Two-inch diameter, threaded and flush-jointed factory-slotted,
Schedule 40 PVC, 0.020 inch slot. Normal screen length is 10 feet.

3. Sand/gravel pack: Washed and bagged, rounded sand/gravel with grain
size compatible with screen slot and formation (Coarse, No. 8-20). A
sand pack was placed from the bottom of the borehole to two to five feet
above the top of the well screen. Sand was placed at a controlled rate
to avoid bridging within the auger.

4. Bentonite seal: Two feet (minimum) of pelletized bentonite placed above
the sand pack.

5. Grout: Type II Portland cement grout poured into the annular space from
the top of the bentonite seal to land surface. A grout mixture
consisting of approximately four pounds of bentonite to 94 pounds of
cement was used. The grout was allowed to set for at least 24 hours
before any well development activities.

6. Surface completion: PVC casing cut off to provide a 2- to 3-foot
stickup with a solid cap placed on the casing. A 4- to 6-inch square
steel well protector, four to five feet in length, was placed over the
exposed PVC casing, and seated in cement and surrounded by a concrete
pad. A locking cap is incorporated in the well cover. Steel guard
posts were installed as described in (8) below. The steel well
protector and steel guard posts were painted for corrosion control and

visibility.

7. Alternate flush completion: PVC casing cut off two to three inches
below land surface, with a cast-iron valve box cemented in place. To
prevent any surface water infiltration, the valve box is slightly
elevated above land surface and the surrounding concrete is sloped away
from the well. The lid to the valve box is secured with allen bolts.
Most wells located on the heavy traffic areas of the Carswell AFE golf
course were completed flush with the land surface.

8. Guard pipes or posts: Three 3-inch diameter steel posts, six feet in
length, with a minimum of two feet below ground, installed radially four
feet from the wellhead (not emplaced for flush surface completion).
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3. Clean silica sat-id (Coarse, No. 8-20) was poured carefully

inside the annular space as the augers were slowly withdrawn

from the borehole. The sand pack was regularly méasurèd by

the supervising geologist until the level of the sand was at

least 2 feet above the top of the screen. Bentonite pellets

were placed above the sand to form a 2-foot thick seal (min-

imum). If necessary, water bailed from the borehole was

poured down the annular space to hydrate the bentonite.

4. Neat cement grout containing approximately four percent ben-

tonite was either emplaced through the augers as they were

withdrawn, or slowly poured down the borehole, if the for-

mation was sufficiently consolidated to remain open.

5. After completion of grouting, the casing was cut two to three

feet above land surface and a protective 4- to 6-inch diameter

steel casing protector with a lockable lid was cemented into

place and surrounded by a concrete pad. Three steel guard

posts were then placed around the well. If above-ground

stickups were of concern in an area, the well was completed

flush with the land surface. For flush completions, the lid

to the valve box was secured with alien bolts.

After all wells were completed, well locations and elevations were

professionally surveyed. Table 2-3 presents the elevations of the ground

surface, the we].lhead, and the screened interval of the Upper Zone monitor

wells in the East Area.

2.3.2 Well Development

After allowing the cement grout to set-up for a minimum of 24

hours, monitor wells were developed by either bailing using a bottom-entry

bailer or pumping with a Triloc hand pump (1.7-inch diameter).
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Water levels in some of the monitor wells recovered slowly and the

wells were bailed dry several times. Other wells produced sufficient water

and were developed in a single effort, without a recovery period. Development

was considered complete when the water in the well was, free of sediment to the

greatest extent possible. The pH, temperature, and conductivity of the

development discharge water were measured and recorded at frequent intervals.

The ground water removed from the wells was placed in steel 55-gallon drums,

sealed and appropriately labeled, based on field observations. Well develop-

ment logs for the monitor wells installed in the East Area in 1990 are

provided in Appendix C.

2.4 Water Sampling

Both ground-water and surface water samples were collected from the

East Area. The following subsections describe the sampling techniques and

methodologies for the various water samples collected during IRP Phase II

investigations. Ground-Water and Surface Water Quality Sampling Records for

the most recent (1990) round of Stage 2 sampling, including measurements of

pH, conductivity, and temperature; and information such as volumes of water

purged prior to sampling are provided in Appendix D.

2.4.1 Surface Water Samplinz

Surface water grab samples were collected directly in clean sample

containers to minimize sample handling (and possible cross-contamination).

The samples were collected approximately six inches below the water surface,

or half-way between the water surface and the bed of the stream if the stream

was not six inches deep. During the 1990 field activities, surface water

samples were collected from the East Area at four previously sampled locations

on Unnamed Stream (Site sD13). Additionally, estimates of flow volume were

made at each surface water sample location at the time of sample collection.

Specific conductance, pH and temperature were measured on an

aliquot of each sample. Specific conductance and pH were measured with a

DSPH-l meter and the temperature was taken with a mercury thermometer.

2-10



Alkalinity measurements were made in the field using a Bach Alkalinity Test

Kit (Model AL-DT) and digital titrator. Prior to obtaining the field measure-

ments, the p11 meter was calibrated with pH 4, 7, and 10 standard 'solutions and

the conductivity meter was calibrated using either a 1413 or a 1504 umhos/cm

KC1 conductivity standard solution.

2.4.2 Ground-Water Sampling

Prior to sample collection, water levels were measured in each of

the monitor wells with an Olympic Actat water level meter, and were recorded

in a field notebook or on appropriate IRPIMS data collection forms. Measure-

ments were taken from the surveyed mark point at the top of the casing, and

read to the nearest 0.01-foot. Between measurements, the probe and associated

electrical line were washed with laboratory grade detergent, rinsed with

potable water, and then rinsed with deionized water to reduce the possibility

of cross-contamination.

Before samples were collected, a minimum of three well volumes of

water were bailed from the well using a bottom-entry Teflontm bailer attached

to a nylon rnonofilament line. This procedure ensured that representative

formation water was collected. Purged water was placed in 55-gallon drums for

final disposal pending the outcome of chemical analyses (provided to the Base

Environmental Coordinator). Between wells, all equipment used for bailing

operations was cleaned with laboratory grade detergent (Alconox), rinsed with

potable water, ASTM Type II Reagent Water (or approved equivalent), pesticide-

grade methanol, and finally pesticide-grade hexane. The equipment was allowed

to air dry completely before reuse. The nylon line was replaced between

wells.

Specific conductance, pH, temperature, and alkalinity were deter-

mined as described for surface water. On a few occasions, field measurements

could not be made due to instrument malfunction.

After each well was purged of the required volume of water, ground-

water samples were collected using a Teflontm bailer. After collection,
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samples were placed into prelabeled sample bottles and preserved according to

the requirements listed in Table 2-4. Ground-water samples for dissolved

metals were filtered in the field. Samples were placed in ice chests with ice

and were shipped for overnight delivery to Radian's laboratories in Sacrainen-

to, California, or Austin, Texas; or were hand delivered to the laboratory in

Austin. To ensure that sample integrity was maintained during shipping and

handling, custody seals were affixed to each ice chest and chain-of-custody

forms were completed and transmitted with the samples to each laboratory.

2.5 Aquifer Testing

Single-well in situ permeability aquifer tests (i.e., slug tests)

were performed on selected wells to determine the hydraulic properties of the

Upper Zone Aquifer in the East Area. Following is a discussion of the slug

test method.

2.5.-i Slut Tests

Slug tests were performed in six monitor wells (LFO1-1D, LFO1-lF,

ST14.17J, ST14-l7K, ST14-17L, and ST14-17M) in the East Area, and results were

used to calculate the hydraulic conductivity of the Upper Zone Aquifer. The

wells selected for slug testing represent a range of hydrogeologic conditions.

The slug test evaluates the response of water levels in a well when

a "slug" (known volume) of water is instantaneously removed or added.

Typically, the response of the water level in a moderately permeable for-

mation, such as the Upper Zone at Carswel]. AFB, is quite rapid. By deter-

mining the behavior of the water level in the well in response to the stress

of the slug, the hydraulic conductivity of the aquifer material directly

adjacent to the well screen can be calculated. To perform these calculations,

the geometry of the well, aquifer boundary conditions, and initial water level

must be known. The hydraulic conductivities were calculated using the method

developed by Bouwer and Rice (1976).
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The first step of the slug test was to measure the static water

level in the well. Next, a known volume of water was removed by bailing and

segregated for use as the slug. After the desired volume of water was removed

from the well, a pressure transducer and attached cable were lowered into the

well and suspended at a point just above the bottom of the well screen. The

pressure transducer was connected to an In-Situ, Inc. Hermit 1000B automatic

data logger, capable of measuring and recording pressure changes on a log-

arithmic frequency, beginning every 0.2 seconds in the first few seconds of

the test. Before introducing the slug, the water level in the well was

allowed to return to static conditions. Then, as the slug was rapidly poured

in the well, the data recorder was activated to measure the response of the

water level. At least two slug tests were performed on each well tested to

determine the reproducibility of the results.

2.6 Surveying

Land surveying activities were conducted by Brittain & Crawford,

Inc., Registered Land Surveyors, of Fort Worth, Texas. These activities

consisted of measurements of the horizontal location of wells, boreholes,

hand-auger holes, and surface water sampling locations in terms of State Plane

Coordinates; and of measurements of reference point elevations to an accuracy

of 0.01 foot. The survey was conducted to an accuracy needed for a second

order survey. All of the data were provided as values posted on a map, and in

tabular form (Appendix E).
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3.0 PHYSICAL CHARACTERISTICS OF THE EAST AREA

This section describes the physical characteristics of the East Area

with respect to local surface features, surface water bodies, geology, and

ground-water occurrence. The primary basis of this characterization is

interpretation of field and laboratory data obtained from the Installation

Restoration Program (IRP) at Carswel]. AFE, Texas. Radian maintains a database

containing all environmental data from the East Area developed during the

Phase II Stage 2 field program at Carswell AFB. The data are managed using

the U.S. Air Force required InstallationRestoration Program Information

Management System (IRPIMS) format.

Topography and Surface Features

The East Area is located on land that gently slopes eastward to the

West Fork of the Trinity River and southward to Farmers Branch. Elevations

range from 595 feet MSL west of the POL Tank Form (Site ST14) to 560 feet MSL

on the flood plain above the Trinity River and Farmers Branch. Figure 3-1

shows the location of the various surface features associated with the East

Area, including the location of the four sites where additional field ac-

tivities were conducted in 1990.

The Soils Conservation Service (SCS) has identified three soil

associations in the East Area of Carswe].l AFB (USDA, 1981). The clayey soils

of the Sanger-Purves-Slide].l association occur in the western portion of the

East Area at Site ST14. Approaching the Trinity River, the Bastsil-Silawa

loamy soils are prevalent in the nearly level to sloping stream terrace

sections found at Sites SD13 and the Base Service Station (Site BSS), while

the Frio-Trinity association of clayey soil occurs in the nearly level flood

plain environment in the easternniost portion of Site LFO1. The permeability

of the surficial soils ranges from <4.2 x l0 to 3 x l0 cm/sec.
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Figure 3-1. Prominent Surface Features in East Area, Carswell AFB, Texas
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Surface Water

The main surface water bodies in the East Area are the West Fork of

the Trinity River, Farmers Branch, and the Unnamed Stream at Site SD13 (Figure

3-1). Surface drainage at Sites LFO1 and ESS is toward the Trinity River,

with drainage at Sites ST14 and SD13 being mainly toward Farmers Branch.

Water in the Unnamed Stream emerges from an oil/water separator.

Water enters the separator from a french drain which was installed to aid the

removal of fuels from the ground at the POL Tank Farm (Site ST14) and/or at

the abandoned gasoline station at Site SD13, Whatever the source, the Unnamed

Stream is a perennial stream feeding into Farmers Branch.

Four locations on the Unnamed Stream were sampled during the 1990

field activities, Orange-colored foam and a rusty film were noted on the

surface of the water at the time of sampling. Discharge from the Unnamed

Stream to Farmers Branch occurs through a 1-foot diameter concrete pipe. The.

discharge rate of the stream to Farmers Branch was estimated at 0.2 cubic feet

per second (cfs) during the May 1990 water sampling.

Estimates of flow in Farmers Branch were made in April 1990 and

averaged 6.0 cfs. However, observed flow in Farmers Branch has been extremely

variable, with Spring 1990 flow estimates ranging from <5 to >100 cfs, the

highest flows being observed after a period of heavy rains. Farmers Branch

flows over limestone bedrock at Carswell AFB. Synoptic water-level measure-

ments in monitor veils and in Farmers Branch at a staff gauge located upstream

of the East Area suggest the stream is receiving ground-water inflow from the

adjacent alluvial terrace deposits.

Ceo lo zv

The major elements of the shallow geologic setting at the East Area

are illustrated in a series of cross-sections. Figure 3-2 shows the cross-

section locations. Generally, the geology of the East Area (Figures 3-3

through 3-6) consists of a thin veneer of alluvial material (Upper Zone)
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overlying the Goodland Limestone. The alluvium consists of clay, sand, and

gravel. The Goocjland Limestone contains fresh and weathered limestone, and

shale. No monitor wells were drilled in the East Area that penetrated through

the Goodland/Walnut Formations into the Paluxy Formation.

The Upper Zone in the East Area generally consists of 5 to 15 feet

of gray to black clay and clayey silt overlying 2 to 10 feet of fine-grained

sand and up to 5 feet of gravel. The clay is often sandy and occasionally

contains pebbles, freshwater gastropod shells, and gravel stringers. Limonite

stains occur in some clay beds. Two types of sand occur in the alluvium and

are distinguished on the basis of their color. One sand is tan and the other

is light gray or green, with the gray/green sand typically overlying the tan

sand. Both sands are predominantly fine-grained, though medium-grained sand

is a common subsidiary constituent. The gravel ranges from 1/8-inch to over

1-inch in diameter. Sand is a common accessory in gravel layers, and clay is

sometimes present.

The continuity of the permeable sand and gravel beds across the East

Area is shown on the geologic cross-sections (Figures 3-3 through 3-6). The

east-west dip oriented section A-A' (Figure 3-3) shows that an approximately

5-foot thick sand/gravel layer reaches from the POL Tank Farm to close to

Farmers Branch. The other dip oriented section, B-B' (Figure 3-4), shows the

sand/ gravel layer pinching out before it reaches the West Fork of the Trinity

River. The strike oriented section C-C' (Figure 3-5), also shows a continuous

sand/gravel layer in the subsurface east of the POL Tank Farm. At Site LFO1

the strike-oriented section D-D' (Figure 3-6) does not contain any sand and

gravel layers near the Trinity River.

The Goodland Formation in the East Area is usually encountered

between 7 and 20 feet, though it is deeper in some wells. In general, the

depth to the Goodland decreases as the Trinity River is approached (Figures

3-3 and 3-4). The exception to this trend occurs immediately adjacent to the

Trinity River, where the depths to the Goodland exceed 20 feet. The Goodland

in the East Area occurs as gray, hard limestone and as blue-gray, mottled

3-9



shale. A contour map of the elevation of the base of the Upper Zone is shown

in Figure 3-7. Most of the East Area occurs on a fairly level limestone

surface. However, the Goodland Formation is found at increasing depths within

400 feet of the Trinity River, as evidenced at Site LFO1 (Figure 3-6, Cross-

Section D-D'). In the southern part of the East Area, the top of the limes-

tone surface occurs at increasing depths in a southward direction, at a more

gentle slope, toward Farmers Branch. The observed slopes on the top of the

Goodland Formation are probably due to erosion of the Goodland by the respec-

tive streams.

Hydrogeoloy

Ground water was observed in the Upper Zone of the East Area during

drilling of soil borings and monitor wells. A synoptic water level survey was

conducted at Sites LFO1, ST14, SD13, and BSS on June 18, 1990. The depth to

ground water in the East Area ranged from 6 to 13.5 feet bgl. The elevation

of water in each well is shown in Table 3-1.

A potentiometric surface map for the Upper Zone of the East Area is

presented in Figure 3-8. The ground-water surface contour lines reveal

decreasing hydraulic heads from west to east, indicating ground-water flow

toward the Trinity River. The direction of ground-water flow in the Upper

Zone is apparently controlled principally by the elevation of the upper

surface of the Goodland Limestone.

No information on the nature of the Paluxy Aquifer in the East Area

is available because drilling activities in this area were confined to the

Upper Zone.

Hraulic Conductivity of Upper Zone Deposits

The ability of the Upper Zone alluvial deposits to transmit ground

water was evaluated based on the results of the single-well aquifer tests
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Figure 3-7. Contour Map of the Top of Bedrock, East Area, Carswell AFB, Texas
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TABLE 3-1. RESULTS OF EAST AREA UPPER ZONE
CONDUCTED ON JUNE 18, 1990

SYNOPTIC WATER LEVEL SURVEY

Location
Meastring Point

Elevation
Depth to
Water

Water Level
Elevation

ID Time (Ft, MSL) (Ft) (Ft, MSL)

ST14-171 1054 578.19 11.41 566.78

ST14-17J 1035 579.79 11.81 567.98

ST14-17K 1057 575.34 10.38 564.96

ST14-17L 1041 577,27 11.17 566.10

ST14-17M 1047 574,28 10.90 563.38

ST14-0l 1101 575.89 14.18 561.71

ST14-02 1104 575.64 12.47 563.17

ST14-03 1045 576.72 9.99 566.73

ST14-04 1107 575.74 12.93 562.81

.SD13-0l 1115 573.24 13.19 560.05

SD13-02 1118 573.39 15.38 558.01

SD13-03 1120 571.54 12.11 559.43

SD13-04 1123 569.24 10.31 558.93

BSS-A 1136 566.38 5.47 560.91

BSS-B 1142 569.73
•

9.81 559.92

BSS-C 1145 559.57 7.58 551.99

LFO1-1B 1204 560.25 12.38 547.87

LFO1-1C 1159 560.00 13.14 546.86

LFO1-1D 1210 563.93 16.84 547.09

LFO1-1E 1219 562.25 15.69 546.56
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LEGEND:

— 548— Potentiometric Surface Contour,
Feet Above Mean Sea Level.
(June 18, 1990)
Direction of Ground
Water flow

Control Point

Contour Interval is Variable

COPOA?ION

Figure 3-8. Potentiometric Surface Map of the Upper Zone, East Area,
Carswell AFB, Texas
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(slug tests) performed as described in Section 2.5.1. A summary of East Area

hydraulic conductivity values calculated from slug test results according to

the method of Bouwer and Rice (1976) is provided in Table 3-2.

A total of six slug tests were performed on East Area wells in April

1988. Calculated hydraulic conductivity values range 1 x i05 cm/sec at well

LFO1-1D to 1.2 x 10-2 cm/sec at well ST14-l7L. These values are consistent

with the expected ranges of hydraulic conductivities for alluvial deposits

dominated by silt-sand-gravel mixtures.

3.1 Site LFO1 - Landfill 1

Site LFO1 is located at the DRMO yard. The locations of the Upper

Zone monitor wells at this site are shown on Figure 3-9. The upgradient well,

LFO1-1A, was formerly located in the southeast corner of the park bordering

the DRMO to the west. However, recent construction activity in the vicinity

of Site LFO1 resulted in the destruction and subsequent backfilling of this

monitor well. Boring logs show LFO1-1A was the shallowest of the Sire LFO1

wells, with the Coodland Limestone occurring only 7 feet below the surface.

Wells number LFO1-1B, LFO1-lE, and LFO1-1F were not drilled to bedrock.

Monitor well LFO1-lC, located in the south yard, was completed upon reaching a

shale member of the Goodland Limestone at a depth of 33 feet. Well LFO1-1D,

located south of the DRflO compound encountered the Goodland Limestone at 23

feet. Wells LFO1-1B and LFO1-lC were completed flush to the ground surface,

in meter boxes. Wells LFO1-1A, LFO1-1D, LF-Ol-lE, and LFO1-1F were completed

above ground.

3.1.1 Site Description

Topography

Site LFO1 is located on a gently sloping terrace immediately west of

the West Fork of the Trinity River. Elevations range from approximately 567
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TABLE 3-2. SUMMARY OF UPPER ZONE HYDRAULIC CONDUCTIVITY VALUES,
EAST AREA, CARSWELL AFB, TEXAS (APRIL 1988)

Location Hydraulic Conductivity (cm/sec)

LFO1-1D 1.0 x

LFO1-1F 1.4 x iO
ST14-17J 6.1 x iO
ST14-17K 5.4 x iO
ST14-17L 1.2 x 1O

ST14-17M 2.5 x iO
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Figure 3-9. Location of Monitor Wells at Site LFO1, Carswell AFB, Texas
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feet MSL outside the west boundary of the DRMO compound to approximately 560

feet MSL on the levee above the river.

Geology

The unconsolidated material beneath Site LFO1 (Figure 3-6, Cross-

Section D-D') is finer grained than elsewhere in the East Area, consisting

entirely of fill, clay, and sandy clay. The sand and gravel layers penetrated

in the other East Area wells and borings are absent beneath the DRMO. The

large amount of fill indicates that the area has been extensively modified by

human activities. This evidence, and considering that sand and gravel layers

pinch out in an easterly direction (Figures 3-4 and 3-6, Cross-Sections B-B'

and D-D'), suggests that the Upper Zone materials at the DRMO are the result

of construction fill or rechanneling of the Trinity River.

The upper surface of the Goodland Limestone slopes downward rela-

tively steeply to the east beneath Site LFO1 (Figure 3-10), reflecting channel

cutting and erosion of the limestone by the West Fork of the Trinity River.

The land surface elevation does not dip eastward as steeply as the limestone;

therefore, the lower elevation of the top of the Goodland at wells LFO1-1E and

LFO1-lF accounts for, the relatively greater thicknesses of alluvium at these

wells, compared to the other wells in the East Area.

Hydrogeology

The depth to water in 1988 at Site LFO1 ranged from about 5 feet bgl

at the upgradient well, LFO1-lA, to a fairly consistent measurement of about

20 feet bgl at all other locations at Site LFO1. During the June 1990 water-

level survey, all of the Site LFO1 monitor wells had water levels of 12 to 13

feet bgl. Because the upgradient monitor well (LFO1-lA) was destroyed prior
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to the water-level survey, no measurement of the upgradient water level at the

site could be made. Although the June 1990 water levels are approximately 6

to 7 feet higher than those observed in February to March 1988, the con-

figuration of the water table is probably similar to that determined in 1988

(Figure 3-11). The closely spaced contours on the water table in the Landfill

1 area resemble the contour pattern on the surface of the Goodland Limestone.

This similarity in limestone and water table surfaces is expected because the

water in the Upper Zone flows along the top of the Goodland. Ground-water

flow beneath Site LFO1 is eastward to northeastward, to the West Fork of the

Trinity River.

Based on the hydraulic conductivity values calculated from slug test

results at Landfill 1, and the hydraulic gradient of approximately 0.09 (from

Figure 3-11), the calculated average ground-water flow velocity at Landfill 1

is approximately 0.6 feet per day. This velocity represents an average

seepage velocity, as opposed to a particle velocity that would be considered

in contaminant transport evaluations. This estimate is derived from a

simplification of Darcy's Law:

ki
V

where: v — average ground-water flow velocity,

k — hydraulic conductivity of Upper Zone deposits,

(average 7 x i0 cm/sec or 2 feet/day)

i — hydraulic gradient (0.09) in the Upper Zone; and

— estimated porosity of Upper Zone deposits

(assume 0.30)

3.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Site SD13 is located generally east of the POL Tank Farm and south

of Landfill 1 (see Figure 3-1). It is divided into two parts: the Unnamed

Stream from the oil/water separator to Farmers Branch, and the paved lot in
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Figure 3-11. Potentiometric Surface Map of the Upper Zone, Site LFO1
(Landfill 1), Carswell AFB, Texas



the vicinity of an abandoned gasoline service station. The investigation at

Site SD13 performed in 1990 consisted of the collection of water samples from

the Unnamed Stream at four locations and the installation and subsequent water

sampling of four Upper Zone monitor wells (Figure 3-12).

Water in the Unnamed Stream emerges from an oil/water separator.

Water enters the separator from a french drain which was installed to aid in

the removal of fuels from the ground that were released from either the POL

Tank Farm (Site ST14) or the abandoned gasoline station. The Unnamed Stream

is a perennial stream feeding into Farmers Branch.

3.2.1 Site Description

Topography

The abandoned service station area at Site SD13 is fairly flat;

however, there is an approximately 15- to 20-foot difference in elevation

between the former service station and the Unnamed Stream. The four monitor

wells (SD13-01 through SD13-04) installed at the site are on the upper terrace

deposits, while the Unnamed Stream is located on the lower floodplain of

Farmers Branch.

Geology

Four ground-water monitor wells were installed at Site SD13 during

March 1990 (Figure 3-12). A coarsening downwards sequence was observed in

each of the well borings, with surficial clays coarsening to sands and gravels

with depth. A 2- to 5-foot layer of gravel was encountered in all four

borings, with the gravel resting directly on the weathered limestone surface

of the Goodland Formation.

The depth to the Goodland Formation at Site SD13 was between 10 and

15 feet bgl, and the top of the bedrock surface varied by less than 2 feet

across the abandoned service station area, showing a slight slope to the
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Figure 3-12. Location of Monitor Wells
Carswell AFB, Texas

and Surface Water Samples, Site SD13,



southwest or toward Farmers Branch. The elevation of the top of the Goodland

Formation is shown on Figure 3-7.

Hydrology

A synoptic water-level survey was conducted at Site SD13 on 18 June,

1990. The resulting potentiometric surface map is presented in Figure 3-13.

In general, the water table was 7 to 12 feet below land surface and the

saturated thickness of the Upper Zone Aquifer was 1 to 4 feet at the time of

the survey.

Figure 3-7 shows that the shallow ground-water flow deviates from

the configuration of the underlying bedrock surface. The bedrock surface

slopes generally to the southwest, while the shallow ground-water flow is to

the east-northeast (or toward the Trinity River). The Upper Zone hydraulic

gradient at Site SD13, as determined from the June 1990 potentiometric surface

map, is approximately 0.01 feet/foot.

3.3 Site ST14 - POL Tank Farm

The POL Tank Farm is located between Knights Lake Road and Haile

Drive, north of Hobby Shop Road. In addition to the five existing Upper Zone

monitor wells in and around the tank farm area, four monitor wells (ST14-0l

through ST14-04) were installed during the 1990 field activities (Figure 3-

14). Caution was exercised in the drilling phase because of the presence of

underground fuel lines. All boring locations were approved by the Carswell

AFB Civil Engineering office before drilling began.

3.3.1 Site Description

Topo raphy

The surface at Site ST14 is relatively flat, ranging from 580 feet

MSL west of the tank farm to 572 feet MSL at monitor well ST14-l7M (east).
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Figure 3-14. Location of Monitor Wells at Site ST14, Carswell AFB, Texas
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Surface drainage is to the east-southeast, with some drainage into the

concrete-lined portion of the Flightline Drainage Ditch (Site SD1O).

Geology

The Upper Zone in the POL Tank Farm area typically consists of

approximately 10 feet of gray to tan clay, underlain by another 5 to 10 feet

of sand and gravel. Gravel content increases with depth and usually rests

directly on the underlying bedrock (Goodland Formation) surface. The clay

often has minor limonite staining and contains pebbles and freshwater gas-

tropod shells. The sand is grayish-green or tan to brown in color, and is

generally fine-grained. Gravel ranges from pea size to pebbles over an inch

in diameter.

The depth to the Goodland Limestone beneath the POL Tank Farm area

ranges from 16 to over 20 feet bgl. The boreholes drilled for the four most

recently installed monitor wells (ST14-Ol through ST14-04) all encountered the

Goodlnd Limestone at 16 to 18 feet bgl.

Hydrogeo logy

During the June 1990 synoptic water-level survey, the depth to water

at Site ST14 varied from approximately 8 to 16 feet bgl, with corresponding

water-level elevations ranging from 561 to 567 feet MSL. A potentionietric

surface map is presented in Figure 3-15. The water surface slopes primarily

to the southeast across Site ST14, toward Farmers Branch. Although the

ground-water equipotential lines do not have equidistant spacings across the

site, the average hydraulic gradient for the site is approximately 0.007

feet/foot.

Based on the hydraulic conductivity values calculated from slug test

results at the POL Tank Farm, an estimated porosity of Upper Zone sediments of

20 percent, and the hydraulic gradient of approximately 0.007 feet/foot, the

average ground-water flow velocity at the POL Tank Farm is calculated at
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Figure 3-15. Potentiotnetric Surface Contour Map of Site ST14,
Carswell AFE, Texas
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approximately 0.3 feet per day. This velocity represents an average seepage

velocity.

3.3.2 Soil Gas Investigation

The results of a soil gas survey conducted in December 1987 at the

POL Tank Farm and the pipeline/truck loading area east of the tanks indicated

that some areas were underlain by hydrocarbon vapor plumes. Figure 3-16

illustrates the soil gas concentrations and those areas believed to be

underlain by vapor plumes. Using the 1,000 ppm total organic compound

concentration as a criterion for delineating contamination, the results show

that two soil vapor plumes exist at Site ST14. The largest plume encompasses

an area approximately 100 feet wide and 300 feet long underlying the areas in

the vicinity of Tanks 1156 and 1157. A smaller plume exists at the pipeline/

truck terminal area, centered on soil gas probe 29. This smaller plume is

located around monitor well ST14-17M, where viscous, black hydrocarbon product

was observed on the ground-water surface during the June 1990 sampling event,

and dissolved hydrocarbon constituents were detected in the water.

3.4 Site BSS - Base Service Station

The BSS (Base Service Station) site is located on the northeast

corner of the intersection of Jennings Drive and Rogner Drive, on the eastern

edge of the base. Previous work performed at the BSS site consisted of a soil

gas survey, installation of three Upper Zone monitor wells, and soil sampling

from one soil boring. The recent field work (June 1990) included ground-water

sampling of the three monitor wells. The three monitor wells encountered

limestone between 10 and 12 feet below the surface and the soil boring within

6 feet. Monitor well RSS-B was completed above ground, and wells BSS-A and

BSS-C were completed flush to the ground surface. The locations of the Upper

Zone monitor wells installed at the BSS site are shown in Figure 3-17, as well

as the location of two cross-sections constructed through the site.
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Figure 3-16 Probable Areas of Soil Gas Plumes (ppm > 1000) at Site ST14

(POL Tank Farm), Carswell AFB, Texas (December 1987)
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3.4.1 Site Description

Topography

The BSS site is located on a gently sloping terrace on the west side

of the West Fork of the Trinity River. Elevations range from approximately

567 feet near the Base Service Station (Bldg. 1518) to 560 feet at monitor

well BSS-C.

Geology

The Upper Zone deposits encountered during drilling at the BSS site

are characteristic of the East Area in general. Cross-sections E-E' and F-F'

(Figure 3-18) illustrate geologic features at the site. Because bedrock was

encountered within 12 feet of the surface in all boreholes drilled at the BSS

site, the sequences encountered are generally thin. There are typically 3 to

9 feet of clay and silt, underlain by a thin stratum of sand with minor

gravel. Under the sand and gravel is the limestone of the Goodland Formation,

which was encountered in all boreholes. The shallow depth of the Coodland is

consistent with the overall geologic setting of the East Area. Based on

observations from drilling at Site LFO1, the depth to the Goodland probably

increases abruptly toward the Trinity River. The surface of the Coodland

Limestone dips to the east beneath the BSS site (Figure 3-7), with the dip of

the bedrock being slightly greater than the slope of the Tand surface.

Hydroge 010 gy

The depth to water at Site ESS ranged from about 6 feet to just over

8 feet bgl during the June 1990 synoptic water-level survey. The water table

is contoured in Figure 3-8, sloping to the east. The water table gradient is

fairly consistent with the slope of the underlying bedrock surface. The

hydraulic gradient observed at this site indicates ground-water movement

toward the West Fork of the Trinity River.
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3.4.2 Soil Gas Investigation

The results of the December 1987 soil gas survey conducted at the

Base Service Station indicate that two areas are underlain by hydrocarbon

vapor plumes. Figure 3-19 shows the soil gas probe results and the two areas

interpreted as delineating the vapor plumes. The gas chroinatograph used for

the soil gas investigation had a maximum quantifiable organic vapor con-

centration of 1000 ppm. Since several probe locations had concentrations

exceeding 1000 ppm, this concentration was used as the criterion for total

organic compound plume delineation. The results of the investigation indicate

soil vapor plumes located just north of the station extending from the

underground storage tanks to east of Rogner Drive and also at the southern end

of the station. The largest plume was estimated to encompass an area

approximately 100 feet wide and 200 feet long. The smaller plume at the south

end of the station was roughly 75 feet in diameter.
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4.0 NATURE AND EXTENT OF CONTAMINATION

The Carswell AFB IRP Phase II Stage 1 report (Radian, 1986) iden-

tified organic and metals contamination at several sites in the East Area.

Additional work was performed during Stage 2 (1987-88) to define the vertical

and lateral extent of contaminants in the East Area, and in addition, to

investigate other sites with the potential for subsurface contamination (e.g.,

Site BSS - Base Service Station).

The primary objective of the activities performed by Radian in 1990

was to further characterize the nature and extent of various contaminants in

the Upper Zone ground water beneath the East Area. Specifically, the goal was

to better define the upgradient and/or downgradient margins of ground-water

contaminant plumes, and to collect additional data necessary to support a

Feasibility Study (FS) for the East Area sites.

Four sites had additional work performed in 1990: Site LFO1

(Landfill 1), Site SD13 (Unnamed Stream and Abandoned Gasoline Station), Site

ST14 (POL Tank Farm), and Site BSS (Base Service Station). This discussion of

the nature and extent of contamination is limited to these sites, as no new

data were collected on other East Area sites since completion of the Final

Draft IRP Phase II Stage 2 RI/FS report (Radian, 1989).

Samples collected during the 1990 field program were analyzed for

various volatile organic compounds and metals species. Metals analyses were

performed on both filtered and unfiltered samples to evaluate concentrations

of both total and dissolved metals. In previous investigations, only the

total metal analyses were performed, which do not yield results that are

representative of the dissolved concentrations of metals in water. Evaluation

of ground-water and surface water impacts based solely on total metals

concentrations can lead to an erroneous conclusion of metals contamination if

the data are not supported by dissolved metals results. This is because

metals ions can be leached from suspended sediments present in unfiltered

sanp1es when the samples are acidified (preserved). There is no means to

determine the magnitude of the metals contribution from this mechanism to the
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total metals concentration except by performing a dissolved metals analysis on

a corresponding filtered sample. This issue is discussed by site in Section

4.3. Following is a summary of the quality assurance/quality control (QA/QC)

results for the most recent (1990) Carswell AFB ground-water sampling effort.

4.1 Summary of QA/OC

Carswell AFB ground water and surface water may be characterized by

the primary data set generated from samples collected during April and May

1990. QA/QC results indicate this primary data set was generated under

controlled analytical conditions. However, chemical concentrations should be

qualified when interpreting site conditions to incorporate uncertainty in

terms of both measurement error and environmental variability. Qualifications

to the data include:

Laboratory blanks indicate a potential for false-positive

results due to laboratory contamination for the analytes

listed below. Maximum concentrations found in laboratory

blanks are presented with specific analytes.

EPA 601 - tetrachloroethene 0,17 g/L,

trichloroethene 1.3 ig/L,

EPA 325.3 - chloride 1.5 mg/L,

SW6O1O - aluminum 0.53 mg/L,

beryllium 0.0023 mg/L,

copper 0.053 mg/L,

nickel 0.021 mg/L,

silver 0.051 mg/L,

strontium 0.0047 mg/L,

vanadium 0.025 mg/L,

zinc 0.044 mg/L,

EPA 365.2 orthophosphate 0.012 mg/L,

SW7421 lead 0.0099 mg/L.
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Field blanks indicated a potential for false-positive results

due to field contamination. Generally, field blanks contained

very low level concentrations for common organics and inor-

ganics. Natural sample results with values near laboratory

and field blank concentrations may therefore be considered

false-positive results, probably due to incomplete decon-

tamination of sampling equipment or airborne contamination.

Variability due to environmental sources and measurement

imprecision may be greater than expected for specific

analytes. For instance, ICAP interference check samples

indicated an interference for iron that caused 25% variability

for check samples. Generally, measirement imprecision is

greatest for results near the detection limit. As expected,

relative variability (i.e., coefficient of variation (CV))

increases near detection limits even though absolute variab-

ility is very small.

4.2 East Area Chemical Analytical Results

Ground-water samples from 21 wells were collected for laboratory

analysis during April and May 1990. Four surface water samples were also

collected. All East Area wells are completed in the Upper Zone aquifer.

Figure 4-1 depicts the locations of all of the wells and surface water

locations sampled in the East Area. Each sample was submitted to Radian's

laboratory for the analysis of required volatile organic and inorganic

constituents. Both organic and inorganic constituents in concentrations

exceeding EPA primary drinking water standards (Maximum Contaminant Levels, or

MCLs) were detected in the East Area in past sampling efforts. Table 4-1

lists the MCLs for those compounds for which analyses were performed in the

East Area.

Since the wastes and known contaminants vary from site to site, not

all samples were analyzed for the same suite of chemical constituents.
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TA3LE 4-1. SUMMARY OF MCLs RELEVANT TO THE EAST AREA STUDY (1990),
CARSWELL AFB, TEXAS

Maximum Contaminant
Level (MCL)*

Final, Currently Final as of 1/30/91;

Analyte in Effect Effective Date - 7/30/92

Inorganics (mg/L)

Arsenic 0.05
Barium 1.0 2.0
Cadmium 0.01 0.005
Chromium 0.05 0.1
Fluoride 4.0 4.0
Lead 0.05

Mercury 0.002 0.002
Nitrate 10.0 10.0
Selenium 0.01 0.05
Silver 0.05

Organics (z/L)

6001, 2-Dichlorobenzerie
1, 2 -Dichloroethane 5 .0

1, 2-Dichioropropane 5.0
1,1, 1-Trichloroethane 200.0
1, 1-Dichioroethene 7 .0

1, 2-Dichioroethane 5.0

1,4-Dichlorobenzene 75.0

cis-1,2-Dichloroethene 70
trans-l, 2-Dichloroethene 100
Carbon Tetrachloride 5.0

Ethylbenzene 700
Tetrachloroethene 5 .0

Toluene 1,000
Trichioroethene 5 . 0
Vinyl Chloride 2.0

Xylenes (total) 10,000

*References:

40 CFR 141.11.

Federal Register, Vol. 52, No. 130, July 8, 1987.

Federal Register, Vol. 56, No. 20, January 30, 1991.
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Therefore, the chemical analytical results of each site are most conveniently

discussed individually in the following subsections. An Informal Technical

Information Report (ITIR) with analytical summary tables, QA/QC data, sample

cross-reference tables and chain-of-custody forms for the recent ground-water

investigation at the East Area was provided to the U. S. Air Force HSD IRP

Program Office in September 1990.

4.2.1 Site LFO1 - Landfill 1

Review of Available Data

Six Upper Zone monitor wells have been installed at the site

(Figure 4-2). Recently, monitor well LFO1-1A was destroyed during construc-

tion activities. In previous IRP investigations the principal ground-water

contaminants identified at Site LFO1 were total metals, and to a lesser

extent, volatile organic compounds. In Stage 1, both total metals and

volatile organic compounds were identified at the site at concentrations below

MCLs. All volatile organic compounds identified were near instrument detec-

tion limit concentrations. Some soil samples, screened for oil and grease,

contained concentrations up to 50 milligrams per kilogram (mg/kg, or parts per

million).

All metals analyses performed in previous site investigations were

for total metals. In the Stage 2 investigation, several metals were detected

as total concentrations exceeding their MCLs in both rounds of sampling.

Selenium, arsenic, barium, cadmium, chromium, and lead were each detected

above their MCL in one or more samples. All of the metals identified were

detected in monitor wells LFO1-lE and LFO1-lF. Only chromium and cadmium were

detected in other wells.

Based on these data, no discrete metals contaminant plumes were

identified due to the limited number of wells and the varying distribution of

metals detected. However, because the metals identified in Stage 2 were

4-6
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generally found in higher concentrations in the downgradient wells (LFO1-IE

and LFO1-1F) relative to background concentrations, the source of the metals

was suspected to be Landfill 1.

Volatile organic compounds were detected in both rounds of ground-

water samples collected during Stage 2. Trichloroethene (TCE) and vinyl

chloride were detected in several wells at levels below their MCLs. No

definable volatile organics contaminant plume was identified beneath Site

LFO1, as the distribution of detected compounds was sporadic, and the detected

concentrations were very low. In the first round of sampling (February 1988),

oil and grease was detected in concentrations below 1 xng/L, but was below the

detection limit in all second round ground-water samples (April 1988). As a

result, oil and grease contamination was not considered significant.

East Area Study - 1990 Results

Table 4-2 lists the volatile organic and inorganic constituents for

which analyses were performed during the Spring 1990 sampling round at Site

LFO1. Table 4-3 presents a list of all volatile organic compounds whose

presence was confirmed by second column analysis, along with the con-

centrations detected and the detection limits. A summary of the inorganic

analytical results for all wells sampled at Site LFOI is presented in Table

4-4.

Results of Volatile Organic Compounds Analyses--Vinyl chloride,

cis-l,2-dichloroethene, and chlorobenzene were detected in ground-water

samples from Site LFO1 (Table 4-3). Of these, only vinyl chloride was

detected in more than one well and at a concentration above 1 g/L. The

detection limits for these compounds ranged from 0.20 to 0.25 sg/L. Conse-

quently, in each case where one of these compounds was detected, the con-

centration of the compound was at or below five times its detection limit. At

such levels, the concentrations are considered approximate.
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TABLE 4.2. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED IN
GROUND WATER, SITE LFOI, CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Metals Non-Metals

1,1, 1-Trichioroethane Aluminum Chloride
1,1,2, 2-Tetrachioroethane Antimony Fluoride
1,l,2-Trichloroethane Arsenic Nitrate as N
1, 1-Dichioroethane Barium Orthophosphate
1, 1 -Dichioroethene Beryllium Sulfate

1,2-Dichlorobenzene Boron Total Dissolved
1,2-Dichioroethane Cadmium Solids

1, 2-Dichioropropane Calcium
1, 3-Dichlorobenzene Chromium
1 ,4-Dichlorobenzene Cobalt
2-Chloroethylvinyl ether Copper
Bromodichioromethane Iron
Bromoform Lead
Bromomethane Magnesium
Carbon tetrachloride Manganese
Chlorobenzene Mercury
Chloroethane Molybdenum
Chloroform Nickel
Chioromethane Potassium
Dibromochioromethane Selenium
Methylene chloride Silicon
Tetrachioroethene Silver
Trichloroethene Sodium
Trichiorofluoromethane Strontium

Vinyl chloride Thallium
cis-l , 2-Dichloroethene Vanadium
cis-l , 3-Dichloropropene Zinc
trans-i, 2- Dichloroethene

trans -1, 3 -Dichloropropene

4-9



TABLE 4-3. SUMMARY OF VOLATILE ORGANIC COMPOUNDS DETECTED IN UPPER ZONE
GROUND WATER,1 SPRING 1990, SITE LFO1, CARSWELL AFB, TEXAS

Well No. Analyte

Concentration2

(g/L)
Detection

Limit (j.g/L)

LFO1-1C Chlorobenzene 0.36 0.25

LFO1-1C Vinyl Chloride 0.58 0.20

LFO1-1C cis-1,2-Dichloroethene 0.27 0.20

LFO1-1F Vinyl Chloride 1.1 0.20

LFO1-1F cis-1,2-Dichloroethene 0.47 0.20

Notes:

1A11 other analyzed organic compounds (Table 4-2) were non-detectable.

2Confirmed result by second column analysis.
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The highest concentration of vinyl chloride detected in the Spring,

1990 sampling event was 1.1 g/L in monitor well LFO1-1F. Monitor well LFO1-

lC, the only other well in which vinyl chloride was detected, had a con-

centration of 0.58 pg/L. Vinyl chloride was also detected in monitor well

LFO1-lC following the April 1988 sampling event at a concentration of less

than 1 tg/L. The significance of the volatile organic compounds identified at

LFO1 is discussed in Section 4.3.1.

Results of Metals Analyses- -No metals were detected above their

respective MCLs in the 1990 sampling event. However, all species but selenium

were present in detectable concentrations. The potential for metals con-

tamination at Site LFO1 is discussed in Section 4.3.1.

4.2.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Review of Available Data

In the Phase II Stage 1 investigation of Site SD13, several surface

water samples and grab ground-water samples from three soil borings were

analyzed. The results of these analyses indicated the presence of metals, oil

and grease, and volatile organic compounds. The Stage 2 investigation focused

on surface water only. Analytical results from Stage 2 suggested low level

metals and volatile organic compounds contamination in the surface water. Oil

and grease was also detected at low levels in all samples. It was observed in

Stage 2 that contaminant concentrations decreased in a downstream direction,

suggesting material entering the upstream oil/water separator through the

french drain system as the principal contributor. The approximate locations

of the french drain and the oil water separator with respect to Site SD13 are

depicted in Figure 4-3.

Benzene and toluene were the most widespread volatile organic com-

pounds detected in the surface water samples analyzed during Stage 2, with

benzene detected in all samples collected in the first round of sampling. The
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highest concentration of benzene detected was 120 sg/L. Toluene was present

at concentrations up to 19 g/L. No benzene was detected in the second round

of sampling during Stage 2.

East Area Study - 1990 Results

During this investigation, four monitoring wells were installed and

sampled, and four surface water samples were collected for analysis. The

locations of the wells and the surface water sampling points are shown on

Figure 4-3. based on previous analytical results, ground-water and surface

water samples from Site SD13 were analyzed for the volatile aromatic compounds

and inorganic constituents listed in Table 4-5. Tables 4-6 and 4-7 present

summaries of the volatile organic compounds detected in ground-water and

surface water samples, respectively. Tables 4-8 and 4-9 summarize inorganic

analytical results for Site SDI3 ground-water and surface water samples,

respectively.

Results of Volatile Organic Compounds Analyses- -Volatile organic

compounds were detected in three wells and in all surface water samples

collected during the 1990 sampling event, but none of the concentrations

exceeded MCLs. Benzene was detected in only one well, SD13-Ol, at the sample

detection limit concentration of 2.0 g/L. Consequently it should be treated

as an approximate value. Eenzene was also detected in three of the four

surface water samples, but all concentrations were less than five times the

detection limit. The highest level of berizene detected in the surface water

samples was 0.31 Mg/L.

Toluene was detected in two ground-water samples and in one surface

water sample. The maximum concentration of toluene occurred in monitor well

SD13-03 (59.0 g/L). Other volatile organic compounds detected in ground-

water or surface water samples included chlorobenzene, l,3-dichlorobenzene,

xylenes (total), l,4-dichlorobenzene and ethylbenzene. The extent of the

volatile organic compounds present in ground water at Site SD13 is addressed

in Section 4.3.2.
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TABLE 4-5. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED IN
GROUND WATER AND SURFACE WATER, SITE SD13, CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Metals Non-Metals

1, 2-Dichlorobenzene
1, 3-Dichlorobenzene
l,4-Dichlorobenzene
Benzene
Chlorobenzene

Ethylbenzene
Toluene

Aluminum

Antimony
Arsenic
Barium

Beryllium
Boron
Cadmium

Chloride
Fluoride
Nitrate as N

Orthophosphate
Sulfate
Total Dissolved

Solids

Xylenes (Total) Calcium
Chromium
Cobalt

Copper
Iron
Lead

Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silicon
Silver
Sodium
Strontium
Thallium
Vanadium
Zinc

.

.
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Results of Metals Analyses- -No metals were detected in either the

unfiltered or the filtered ground-water samples in excess of MCLs (Table 4-6).

Metals were detected in all of the surface water samples collected. However,

only two surface water samples contained metals in excess of MCLs (SD13-Sl and

SD13-S2). The highest metals concentrations were detected in SD13-Sl, the

farthest upstream sample (Figure 4-3). In this sample, total selenium was

detected at 30 mg/L, and total arsenic was detected at 0.086 mg/L. In sample

SD13-S2, total arsenic was detected at 0.052 mg/L and total lead was detected

at 0.066 mg/L. Both of these concentrations in SD13-S2 occurred in the unfil-

tered sample and are slightly above their respective MCLs. Arsenic, barium

and lead were detected in each of the SD13 surface water samples (Table 4-7).

Of the three metals species which exceeded their MCLs, only

selenium was detebted above the MCL in the dissolved metals analysis. This

concentration was subsequently determined to be a reporting error and the

actual dissolved selenium concentration was below detection. The extent and

significance of metals in the surface water at Site Sl3 is discussed in

Section 4.3.2.

4.2.3 Site ST14 - POL Tank Farm

Review of Available Data

Grab water samples collected from soil borings at Site ST14 were

screened for Total Organic Carbon (TOC), oil and grease, and Total Organic

Halogens (TOX) in the Stage 1 investigation. All parameters were above

detection limits in one or more samples. In Stage 2, monitor wells were

installed and a soil gas survey was performed. A hydrocarbon odor was

noticeable during drilling. Analytical results indicated the presence of

metals and volatile aromatic compounds at the site. One of the principal

contaminants identified at the site was benzene, which was detected in a

ground-water sample from one well at a concentration of 11,000 ig/L. In

addition, arsenic, lead, barium, cadmium and chromium were all identified in

the total metals analyses at concentrations exceeding MCLs.
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East Area Study - 1990 Results

Four new ground-water monitoring wells were installed in 1990. The

new and existing wells were sampled for the volatile aromatic compounds and

inorganic parameters listed in Table 4-10. Figure 4-4 depicts the location of

all of the sampled wells. Table 4-11 presents a summary of the volatile

organic compounds analytical results, and Table 4-12 summarizes the inorganic

analytical results for Site ST14.

Results of Volatile Organic Compounds Analyses- -Several volatile

aromatic compounds were detected at Site ST14. These included ethylbenzene,

benzene, chlorobenzene and total xylenes. Ethylbenzene was the most common,

being detected in six of the nine wells sampled, and having a maximum con-

centration of 35 pg/L in monitor well ST14-04. The next highest concentration

detected was less than 5 ig/L. The final MCL for ethylbenzene was promulgated

on 30 January 1991 and is 700 zg/L (Table 4-1); however, it will not be

effective until July 1992.

Benzerie was detected in four of the nine wells sampled at Site

ST14. The MCL for benzene was exceeded in one well, ST14-l7M. A concentra-

tion of 11,000 jig/L benzene was detected in this well during the first round

of sampling during the Stage 2 investigation; however, no benzene was detected

in the second round sample from this well. Other wells in which benzene was

detected during the 1990 sampling event include ST14-l73 (3.8 pg/L), ST14-03

(1.3 g/L), ST14-l7L (0.65 pg/L), and ST14-l7K (0.50 g/L). The interpreted

distribution of benzene and other volatile organic compounds detected in the

ground water below Site ST14 is discussed in Section 4.3.3.

Total xylenes and chlorobenzene were also detected at Site ST14.

Xylenes were detected in three wells, ST14-03, ST14-04 and ST14-l7M. Xylenes

were also detected in the duplicate sample collected at monitor well ST14-17J.

The highest concentration of total xylenes was 300 g/L in ST14-l7M. As in

the case of ethylbenzene, the final MCL for total xylenes (10,000 g/L) was

4-21



TABLE 4-10. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED IN
GROUND WATER, SITE ST14, CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Metals Non-Metals

1, 2-Dichlorobenzene Aluminum Chloride
1, 3-Dichlorobenzene Antimony Fluoride

l,4-Dichlorobenzene Arsenic Nitrate as N
Benzene Barium Orthophosphate
Chlorobenzene Beryllium Sulfate

Ethylbenzene Boron Total Dissolved
Toluene Cadmium Solids

Xylenes (Total) Calcium
Chromium
Cobalt

Copper
Iron
Lead

.

Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silicon
Silver
Sodium
Strontium
Thallium
Vanadium
Zinc
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ST1 4—02

ST1 4—01

ST14—04

LEGEND:

• Monitor Well RADIANCSSP•R*TiU

Figure 4-4. Location of Wells Sampled at Site ST14, Carswell AFB, Texas
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recently promulgated and is not currently in effect (Table 4-1). Chioroben-

zene was detected in only two monitor wells, at a maximum concentration of

38.0 j.g/L (ST14-17M). The highest concentrations of benzene, chlorobenzene

and total xylenes were all found at monitor well ST14-l7M. Over 2 feet of

free product was also present in this well during the 1990 sampling event.

Results of Metals Analyses- -Numerous metal species were detected in

the ground water at Site ST14. However, only two metals were detected above

their MCLs. Lead exceeded the MCL in three wells, at a maximum concentration

of 0.69 mg/L (total lead). Total chromium exceeded its MCL in one well, with

a concentration of 0.066 mg/L. The MCL for both lead and chromium is 0.05

mg/L. Both total lead (AA analysis) and total chromium were detected above

their MCLs in monitor well ST14-04. However, total lead by ICPES analysis on

the same sample was below detection.

Monitor wells ST14-l7M and ST14-02 were the other wells in which

lead was detected above the MCL. Dissolved lead was reported slightly above

its MCL in the AA analysis of the filtered sample collected frpni monitor well

ST14-02. However, the corresponding reported total concentration was below

the MCL; and both of the ICPES results (total and dissolved) were below the

detection limit of 0.05 mg/L. Only one other sample collected from any East

Area site (SD13-Sl) had any dissolved metal concentration over the MCL. The

occurrence of lead at Site ST14 is discussed in Section 4.3.3 of this report.

4.2.4 Site BSS - Base Service Station

Review of Available Data

Metals and volatile aromatic compounds were identified as con-

taminants of concern during previous investigations at Site ESS. Total

concentrations of lead and chromium were detected in unfiltered samples from

each of the three wells at the site at levels above their MCLs. Total arsenic

also exceeded its MCL. Figure 4-5 shows the Site BSS monitor well locations.
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Benzene, ethylbenzene, toluene and xylenes were all detected at

Site BSS. Benzene, ethylbenzene and toluene were detected in monitor well

BSS-B in excess of their respective MCLs in both rounds of Stage 2 sampling.

Benzene was detected at 4,400 g/L in the first round. Lower levels of all

three compounds (below MCLs) were also detected in the other two BSS wells.

East Area Study - 1990 Results

Results of Volatile Organic Compounds Analyses- -Site BSS was

sampled for the same suite of volatile aromatic compounds as Sites SD13 and

ST14. Table 4-13 lists the organic and inorganic parameters for which

analyses were performed. No volatile organic compounds were detected in

either BSS-A or BSS-C. The data appear to confirm the findings of Stage 2,

that volatile organic contamination at Site BSS is very localized, and is

centered around monitor well BSS-B. Table 4-14 summarizes the analytical

results for volatile organic compound at Site BSS.

Benzene, toluene and total xylenes were detected in the ground-

water sample collected from monitor well BSS-B, and each of these compounds

was detected above its MCL. Benzene was detected at 3,200 pg/L (similar to

the concentration detected in Stage 2). Toluene and total xylenes were

detected at 16,000 and 15,000 g/L, respectively. Final MCLs for toluene and

total xylenes are not as yet in effect.

Results of Metals Analyses- -Numerous metals species were identified

in the ground water from Site BSS wells (Table 4-15). Arsenic, barium, lead

and zinc were detected in all wells.

Total concentrations of lead, chromium and arsenic were detected

above their MCLs in unfiltered samples collected during Stage 2, however,

these nor any other metals were detected above their MCLs in any of the

filtered samples collected during the 1990 sampling event. Only one unfil-

tered sample (BSS-C) contained total cadmium in excess of its MCL, with a con-

centration of 0.011 g/L. No dissolved cadmium was detected in the correspon-

ding filtered sample. The significance of these results with respect to
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TABLE 4-13. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED
IN GROUND WATER, BASE SERVICE STATION (SITE BSS),
CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Metals Non-Metals

1,2 -Dichlorobenzene Aluminum Chloride
1, 3- Dichlorobenzene

1,4-Dichlorobenzene
Antimony
Arsenic

Fluoride
Nitrate as N

Benzene
Chlorobenzene

Ethylbenzene
Toluene

Barium

Beryllium
Boron
Cadmium

Orthophosphate
Sulfate
Total Dissolved

Solids

Xylenes (Total) Calcium
Chromium
Cobalt

Copper
Iron
Lead

Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silicon
Silver
Sodium
Strontium
Thai 1 ium

Vanadium
Zinc
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potential metals contamination at Site BSS is discussed in Section 4.3.4.

Volatile organic compound contamination is also discussed in Section 4.3.4.

4.3 Extent of Contamination

The following subsections address the extent of Upper Zone ground-

water contamination at the East Area sites investigated in the 1990 study.

4.3.1 Site LFO1 - Landfill 1

Volatile organic compounds were detected in two wells at Site LFO1,

but the concentrations were below MCLs. Therefore these data are consistent

with previously obtained data and provide no basis for inferring the existence

of a ground-water contamination plume. Since metals were not detected in

excess of MCLs, the previously suspected metals contamination is not supported

by the most recent data. Although the high precipitation that occurred during

the 1990 effort may have resulted in some dilution of normally occurring waste

constituent concentrations in ground water, no coherent contaminant plume was

ever associated with Landfill I.

4.3.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Volatile organic compounds were detected in ground-water samples

from three wells and in each of the Unnamed Stream surface water samples, but

no MCLs were exceeded. Most of the confirmed concentrations of volatile

organic compounds were less than five times the detection limit and there are

no patterns of volatile organic compound occurrence with respect to either

well location or sampling events.

The most recent inorganic analytical results do not suggest metals

contamination of the Upper Zone ground water at SD13. As in the case of Site

LFO1, no metals were detected above MCLs in the 1990 sampling round; however,

the same uncertainty regarding the possible effects of high precipitation

applies.
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Two surface water analyses showed that arsenic and lead exceeded

their respective MCLs, with arsenic exceeding the MCL in both samples. All

results above MCLs reflect total concentrations. A reported dissolved

selenium concentration above the MCL in one surface water sample is erroneous

and should have been reported as "ND."

4.3.3 Site ST14 - POL Tank Farm

Benzene, ethylbenzene, chlorobenzene, toluene and total xylenes

were detected in the ground water at Site ST14. Of these, ethylbenzene was

the most common. Benzene was the only volatile organic compound detected at a

concentration which exceeded its MCL.

During Stage 2, a contaminant plume map was prepared for total

volatile organic compounds at Site ST14 based on a soil gas investigation

conducted in the area. The contamination underlying Site ST14 and vicinity

appeared to be divided into two regions; the first associated with Tanks 1156

and 1157, and the second associated with the adjacent fuel loading facility.

Ground-water contaminant occurrence and concentrations of volatile organic

compounds corroborated the existence and the areal distribution of the plume

interpreted from the soil gas survey. Figure 4-6 depicts the volatile organic

plume map prepared for Stage 2.

Figure 4-7 depicts the probable extent of benzene contamination at

Site ST14, based on the most recent analytical data and the distribution of

soil gas determined in the Stage 2 survey. As in Stage 2, two separate ac-

cumulations of benzene are suggested. These plumes are roughly coincident

with the two plumes interpreted during Stage 2. Monitor well ST14-l7M,

located at the center of the benzene plume beneath the fuel loading facility,

had the highest concentration of benzene (16.0 pg/L), and the only detected

concentration in excess of the MCL. Over two feet of free product was
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Figure 4-6. Maximum Concentrations of Purgeable Aromatic Hydrocarbons
(March-April, 1988), Site ST14, Carswell AFE, Texas
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Figure 4-7. Probable Extent of Benzene Contamination (Spring, 1990), Site
ST14, Carswell AFB, Texas
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encountered in ST14-17M during the 1990 sampling event. The highest con-

centrations of chlorobenzene, toluene and total xylenes were also detected in

this well.

Figure 4-6 suggests that the maximum downgradient limit of the

benzene plume associated with the fuel loading facility may occur north of

monitor wells ST14-02 or ST14-04 where no benzene was detected. However, due

to the distance between these two wells and the uncertainty with regard to the

site-specific direction of ground-water flow, this interpretation is not

conclusive. The benzene plume associated with Tanks 1156 and 1157 is

adequately defined, as no benzene was detected in downgradient monitor wells

ST14-l71 or ST14-17K. The well in which the maximum concentration of ethyl-

benzene was detected (35 g/L) was ST14-04, the farthest downgradient well at

the site. No ethylbenzene was detected at monitor well ST14-17M.

Chromium was detected above its MCL in only one well at Site ST14,

and this concentration was measured in the total metals analysis. Lead was

detected above MCLs in three monitor well samples at ST14, but only one was in

the dissolved metals analysis and it is considered suspect (see discussion in

Section 4.2.3).

As previously discussed, total metals concentrations are not

completely representative of actual water quality. Therefore, a single

dissolved lead concentration above the MCL would not necessarily indicate

ground-water contamination, even if it were not suspect. However, if the most

recently obtained analytical results are abnormally low due to high precip-

itation, there is a low probability that a plume could exist. In this

scenario, the maximum downgradient extent of the postulated lead contamination

at Site ST14 might be delineated by adjacent Site SD13, where no monitor well

samples contained lead in excess of the MCL.

4.3.4 Site BSS - Base Service Station

Both volatile organic compounds and metals were identified at Site

BSS. In the Stage 2 investigation, the volatile organic compounds were
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detected primarily in monitor well BSS-B. In samples collected during the

Spring 1990 sampling event, volatile organic compounds were detected only in

monitor well BSS-B. Because of the localized nature of the volatile organic

contamination detected previously and in the 1990 study, the underground

storage tank adjacent to monitor well BSS-B is considered the most likely

source of the observed contamination.

Cadmium was detected above the MCL at 0.011 Mg/L in monitor well

BSS-C in the total metals analysis. Cadmium was not detected in any adjacent

well, or in the filtered sample (dissolved metal fraction) from the same well.

Therefore, no ground-water contamination by cadmium at the site, barring

significant dilution effects due to high precipitation during the 1990

sampling event, is interpreted.
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5.0 CONTAMINANT FATE AND TRANSPORT

The purpose of this section is to discuss the migration and persis-

tence of contaminants in ground water and surface water of the East Area at

Carswell AFB. The contaminants discussed in this section are limited to those

volatile organic compounds and metals detected in concentrations exceeding MCL

values. Both total and dissolved metals concentrations were considered, even

though the possibility of significant metals contamination at any of the sites

is very remote, based on the 1990 analytical results.

Ground-water sampling and analysis conducted in the East Area

identified two areas of volatile organic contamination in Upper Zone ground

water. Lead and chromium were detected above the MCL in one or more ground-

water samples from the POL Tank Farm, but all but one lead analysis were for

total concentrations. Similarly, one sample from Site BSS had a total cadmium

concentration above the MCL. Total lead and total arsenic were also detected

above their MCLs in surface water samples from Unnamed Stream. Overall

concentrations of both volatile organic and inorganic constituents in ground-

water and surface water samples were generally lower than concentrations for

the same analytes in previous IRP studies. This trend may be the result of

natural attenuation, however, it should be noted that the weeks immediately

preceding the Spring 1990 sampling event were characterized by abnormally high

precipitation (and flooding). The resultant increase in infiltration and

recharge may have had the effect of diluting contaminants, resulting in lower

concentrations for detected constituents.

The following paragraphs summarize the persistence and migration of

the analytes detected above MCLs in the East Area. The fate of these constit-

uents is discussed below (Section 5.1). The primary pathways of migration

(transport) are discussed on a site by site basis in Section 5.2.

5.1 Fate of Main Constituents in the East Area

Benzene and lead were the principal ground-water constituents

occurring in excess of MCLs in the East Area sites. Total concentrations of
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arsenic and lead were also identified above MCLs in the surface water at Site

SD13. In general these constituents exhibit the following characteristics

relative to fate in ground-water and/or surface water systems:

• Benzene has a very high solubility in water, and is relatively

inactive chemically. Volatilization is the principal means of

removal of benzene from ground water, followed by slow biodeg-

radat ion.

• Lead may be removed from the ground water up to 100 percent by

the formation of organic complexes and other compounds with a

high affinity to adsorb onto soil grains and/or a low solubil-

ity coefficient. As such, lead will tend to accumulate in

near source soils. Lead in surface water may also be removed

through bioaccumulation.

• Arsenic has an extremely high chemical activity, and cycles

through the surface water system by sorption and desorption

from soil grains and the formation of various compounds and

complexes. Due to this high activity, little arsenic is

removed from the surface water by these processes. Arsenic

may be removed from surface water by bioaccumulation.

5.2 Contaminant Transport Pathways

Following is a site-by-site discussion of the various contaminants

found in the East Area and the transport mechanisms through the ground-water

and surface water systems.

5.2.1 Site LFO1 - Landfill 1

Recent ground-water sampling results show very low levels (below

MCLs) of vinyl chloride and cis-1,2-dichloroethene (l,2-DCE) in wells LFO1-lC

and LFO1-lF. Ground-water sampling in 1988 also showed very low levels of

trichloroethene (TCE) and vinyl chloride.
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Since there is no historical record indicating usage of cis-l,2-

dichioroethene or vinyl chloride at Carswell AFB, the small quantities of

these compounds in ground water are likely the result of the chemical and

biological breakdown of TCE, which was detected in the 1988 study.

Although several metals were detected in the ground water at con-

centrations exceeding MCLs during the 1988 investigation, their occurrences

were sporadic and no plume could be defined (Radian, 1989). There were no

metals (dissolved or total) detected above MCLs in the 1990 sampling.

Conclus ions

The low levels of volatile organic compounds in the Upper Zone

ground water would be expected to move downgradient to the east, toward the

Trinity River (Figure 3-11). Shallow ground-water flow near the Trinity River

will probably be discharged at the surface as broadly diffuse seepage that is

consumed by evapotranspiration. There is no visual evidence of seepage at the

land surface between Site LFO1 and the river. ShalLow ground-water flow will

not be downward to deeper aquifers or laterally beyond the Trinity River. Any

contaminants which reach the river via ground-water migration are subject to

dilution and movement with the surface flow downstream. Any VOCs present in

surface water will be subject to volatilization to the air. Since the

detected concentrations of volatile organic compounds are already (in most

cases) at levels less than five times their detection limits, it is unlikely

that these compounds would be detectable following their introduction into the

Trinity River. No metals (dissolved or total) were detected above MCLs at the

site.

5.2.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Shallow Ground Water- -Laboratory analyses of ground-water samples

from the four monitor wells did not reveal volatile organic compounds ex-

ceeding MCLs. Toluene (12.0 ig/L) was found at monitor well SD13-Ol but no

toluene was detected in monitor wells immediately hydraulically downgradient

(SD13-03 and -04). No MCL was exceeded by any metal in any of the shallow

ground-water samples collected in Spring 1990 at Site SD13.
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Unnamed Stream- -Very low levels of several volatile aromatic

compounds were detected in the June 1990 sampling of the Unnamed Stream. The

highest detected concentration of benzene was 0.31 g/L, which is slightly

above the detection limit (0.20 g/L). Concentrations of aromatic compounds

detected in the 1990 sampling do not decrease significantly with distance

downstream. In contrast to these low levels, sampling and analyses of the

Unnamed Stream in 1988 revealed benzene concentrations ranging from 39 to 120

pg/L. Concentrations of dissolved lead and arsenic did not exceed MCLs in the

upper reach of the Unnamed Stream; however, concentrations of the total

species were above MCLs at the same locations.

Conclusions

Shallow Ground Water- -Investigative activities conducted in 1985

revealed high levels of organic compounds in the ground water underlying the

paved lot, probably originating from petroleum hydrocarbons. However, based

on the 1990 volatile organic compound analytical results, the .abandoned gaso-

line station does not appear to be contributing appreciable organic con-

tamination to the shallow ground-water system. Any contaminants in the ground

water would be expected to move hydraulically downgradient, eventually

entering either the oil/water separator and Unnamed Stream or Farmers Branch

itself where the initially low concentrations would be further diluted. Still

more dilution of contaminants would result as Farmers Branch flows into the

West Fork of the Trinity River less than one-half mile from Site SD13. Any

VOCs entering Farmers Branch and the Trinity River would be subject to

volatilization to the air. No metals were detected above MCLs in the shallow

ground water at Site SD13.

Unnamed Stream- -No volatile organic compounds were detected-above

MCLs in the Unnamed Stream. The results of the laboratory analysis for

inorganic constituents suggest that metals in the Unnamed Stream are preferen-

tially adsorbed to sediments rather than occurring primarily dissolved in the

surface water. This mode of transport (i.e., adsorbed to sediment) would

result in slower migration of contaminants downstream than for the dissolved

phase, and would be slower than the actual surface water flow rate. As

5-4



evidenced by the lower dissolved and total concentrations of arsenic and lead

in the downstream water samples, the metals apparently tend to accumulate in

the stream bed sediments. The presence of iron oxides, initially identified

coating sediments in the Unnamed Stream in the Phase II Stage 1 investigation,

suggests that precipitation of metals is active in the stream sediments. The

removal of metals such as lead and arsenic is enhanced by this process, as

these metals commonly co-precipitate with or are adsorbed onto hydrous iron

oxide compounds. Both lead and arsenic are generally nonvolatile and will

tend to remain adsorbed to the stream bed sediments in the Unnamed Stream. As

long as there is a source of these metals, the metals will continue to

accumulate in the sediments in the upper reach of the stream.

5.2.3 Site ST14 - POL Tank Farm

The RI/FS Phase II Stage 2 investigation (Radian, 1989) of the POL

Tank Farm site encountered aromatic hydrocarbons (associated with petroleum

products) in both the soil and shallow ground water. - The hydrocarbons

occurred near tanks 1156 and 1157 in the tank farm and near monitor well ST14-

17M in the fuel loading area.

Benzene, the only organic compound detected at a concentration

exceeding its MCL, occurred in one ground-water sample (from well ST14-17M) at

a concentration of 16 g/L. Other organic compounds detected at multiple

locations in the ground-water samples from Site ST14 were ethylbenzene and

xylenes, although in concentrations lower than MCLs. Also, over two feet of

viscous, black hydrocarbon waste was observed floating on the ground-water

surface in monitor well ST14-l7M. It was the only well sampled at Carswell

AFB that contained an observable free-phase lens. The probable extent of

benzene in the ground water at Site ST14 is shown in Figure 5-1.

Lead was the only inorganic compound detected in ground water above

the MCL during the June 1990 sampling event. Total lead was detected in con-

centrations up to 0.69 mg/L in the unfiltered sample from monitor well
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STI4-17M by ICPES analysis. However, the atomic absorption analysis for the

same well detected only 0.39 mg/L total lead, highlighting the variability of

results from unfiltered samples.

Of the three wells with total lead concentrations above the MCL,

only one filtered sample (ST14-02) had a dissolved concentration in excess of

the MCL, and that concentration is suspect for reasons discussed previously.

Ground-water sampling at the four wells at Site SDI3, hydraulically down-

gradient of Site ST14, resulted in dissolved lead being detected in oniy one

filtered sample, and the concentration was below the MCL.

Conclusions

The estimated average Upper Zone ground-water flow velocity at the

POL Tank Farm is approximately 0.3 feet per day. Also, examination of Figure

3-8 indicates shallow ground-water flow toward the southeast, or Farmers

Branch. Therefore, beuzene in the shallow ground water at Site ST14 is

expected to migrate with the shallow ground water toward Farmers Branch.

Volatilization and degradation of benzene from the ground water will tend to

decrease the concentration of benzene as it moves downgradient, assuming there

are no additional sources.

Any benzene in the ground water reaching Farmers Branch would be

diluted by the stream, and increased volatilization would occur. Benzene from

the site, however, would be expected to pass through the french drain system

and the oil/water separator and ultimately enter Farmers Branch via the

Unnamed Stream.

The low dissolved lead concentrations in the shallow ground water,

the nonvolatile nature of the metal, and the affinity of the metal to adsorb

onto sediments suggest the overall distribution of lead at the site will not

change significantly in the future.
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5.2.4 Site RSS - Base Service Station

The recent (1990) investigation at the Base Service Station was

limited to ground-water sampling of the three existing monitor wells. The

RI/FS Stage 2 investigation (Radian, 1989) resulted in the detection of

volatile organic compounds at monitor well BSS-B, which is located near an

underground fuel storage tank. The recent ground-water sampling (May, 1990)

confirmed earlier findings as ground water in monitor well BSS-B again had

elevated levels of volatile organic compounds. Benzene (3,200 ig/L), toluene

(16,000 g/L), and total xylenes (15,000 pg/L) were found in monitor well BSS-

B. These compounds were not detected in the other two wells sampled at the

BSS site.

Cadmium was detected in an unfiltered sample from one well, BSS-C,

at a level above its MCL, (0.011 mg/L). No cadmium was detected in the

filtered sample (dissolved species) from this well. In addition, no other

metals were found above their MCLs in samples from wells at the site.

Conclusions

Migration of volatile organic compounds in the shallow ground water

would be toward the Trinity River, as suggested by the potentiometric surface

map of the site (Figure 3-8). However, the permeable water-bearing sands

observed at BSS-B are not present in the lithologic log of BSS-D (Figure 3-

18), located downgradient, or east, of Site BSS. Therefore, ground-water flow

velocities are probably less east of monitor well BSS-B. Nonetheless, con-

taminants could still potentially migrate toward the Trinity River in the

lower permeability materials.

The principal fate of the volatile organic compounds detected in

the ground water at well BSS-B would be volatilization to the atmosphere.

This could occur as the ground water moves toward the Trinity River or upon

entering the river. Insufficient downgradient well control precludes deter-

mination of the maximum contaminant extent. Metals contamination is not of

concern at the Base Service Station since no cadmium was detected in the
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filtered sample in monitor well BSS-C and no other metals were found above

their MCLs in samples from wells at this site.
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6.0 BASELINE RISK ASSESSMENT

Selection of Indicator Chemicals

Sampling and analysis of soil and water from the East Area IRP

sites has resulted in a large number of chemical substances being detected.

Conducting a baseline risk assessment that included every detected chemical

would be unnecessarily time consuming. The baseline risk assessment for the

East Area sites is therefore based on selected indicator chemicals that pose

the greatest potential risks, a methodology endorsed by the U.S. EPA for

evaluation of the health impacts of waste sites (U.S. EPA, 1986). At the time

this study was done, current EPA guidance on Superfund risk assessments (U.S.

EPA, 1989) was not available.

Indicator chemicals for each site were selected from approximately

80 chemicals known to be present in the East Area, according to procedures

documented in Health Evaluation Manual (U.S. EPA, 1986). The selection

process, based on both 1988 and 1990 analytical results of soil, ground water,

and/or surface water samples from each site, resulted in the generation of

lists of site-specific indicator chemicals. The indicator chemical selection

process is explained in detail in the IRP Stage 2 RI/FS Final Draft Report

(Radian, 1989).

Some of the indicator chemicals, particularly those detected at

very low concentrations, may be the result of matrix interferences or sample

cross-contamination. No analysis for semivolatile compounds was performed in

1990 and the low levels of bis(2-ethylhexyl)phthalate, the only semivolatile

organic indicator parameter detected previously in the East Area, are

suspected as being artifacts of sampling or laboratory contamination. As

already discussed, dissolved metals concentrations in ground water and surface

water samples, determined only in the 1990 effort, were, with only minor

exceptions, below MCLs and do not suggest a metals contaminationproblem.

Nevertheless, all of the identified indicator chemicals were included in the

risk assessment process to ensure a conservative (stringent-case) evaluation

of possible health risks.
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Source and Release Characterization

Possible mechanisms of contaminant release applicable to one or

more of the East Area IRP sites include: 1) volatilization to the air,

2) fugitive dust generation, 3) leachate to ground water, 4) surface runoff,

5) direct release to surface water, and 6) contaminated ground-water discharge

to surface water. These mechanisms are evaluated on a site-specific basis in

the following sections, which summarize the baseline risk assessment for each

of the East Area sites.

6.1 Site LFO1 - Landfill I

Evaluation of all Stage 2 analytical results shows the following

indicator chemicals were detected in at least one soil and/or ground-water

sample from Site LFO1:

Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)

Antimony Bis(2-ethylhexyl)- Methylene chloride

Arsenic phthalate Toluene

Barium Trichloroethene

Beryllium Vinyl chloride

Cadmium

Chromium

Lead

Nickel

Selenium

Silver

6.1.1 Source and Release Characterization

Contaminant release mechanisms potentially applicable to Landfill 1

are discussed below.
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Volatilization to the Air- -VOCs present in the soil are subject to

volatilization to the air by virtue of high vapor pressures. Semivolatile

organic compounds generally have low vapor pressures and are not subject to

volatilization. Most metals are nonvolatile as well. Indicator chemicals

detected at the site which can volatilize include methylene chloride, toluene,

trichloroethene, and vinyl chloride.

Estimated emission rates based conservatively on maximum

concentrations detected in the soil or ground water at the site are:

Emission Rate
Indicator Chemical (grams/second)

Methylene chloride 7.38 x 10-8

Toluene 5.64 x 10-8

Trichloroethene 4.62 x io

Vinyl chloride 2.12 x

The methodology used to estimate emission rates is described in the' IRP Stage

2 RI/FS Final Draft Report (Radian, 1989).

Fugitive Dust Generation- -Contaminants must be present in exposed

surface soil to be subject to fugitive dust generation. because Landfill 1 is

paved over with impervious material, contaminants present in the soil at this

site are not subject to significant fugitive dust generation.

Leachate to Ground Water- -Indicator chemicals detected in the

ground water near Landfill 1 include: antimony, arsenic, barium, beryllium,

cadmium, chromium, lead, nickel, selenium, silver, bis(2-ethylhexyl)phthalate,

toluene, trichloroethene, and vinyl chloride.

Surface Runoff--Contaminants in surface soil must be exposed to be

subject to significant surface runoff during precipitation. Because Landfill

1 is paved, any contaminants present in the soil at this site are not subject

to surface runoff.
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Discharge to Surface Water- -There is no direct discharge of

contaminants from this site to surface water. It is possible that ground-

water discharge to the West Fork of the Trinity River could provide an

indirect pathway of contaminants to reach surface water.

6.1.2 Transport and Fate of Contaminants

Landfill 1 potentially releases VOCs to the air via volatilization;

and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground water through

leachate generation. Potentially significant contaminant transport and fate

mechanisms in the air and ground water include: 1) air dispersion, 2) ground-

water migration, 3) ground-water discharge to and transport in surface water,

and 4) subsequent uptake by plants and animals.

Air Dispersion- -Emissions of VOCs from Landfill 1 occur at ground

level in the gaseous phase. The gases disperse in the ambient atmosphere

according to local meteorological conditions. Annual ambient air

concentrations of methylene chloride, toluene, trichloroethene, and vinyl

chloride resulting from Landfill 1 emissions were estimated using the ISCLT

model. The dispersion modeling methodology is discussed in the IRP Stage 2

RI/FS Final Draft Report (Radian, 1989).

Ground-Water Migration--At Landfill 1, as at all East Area sites,

available water level and geologic data indicate that ground water in the

Upper Zone flows to the east, toward the Trinity River. The subsurface

conditions at the East Area are similar to those in the Flightline Area;

ground water remains in the Upper Zone above the bedrock and flows to the

nearest surface water drainage. As ground-water flow nears the Trinity River,

discharge will be either into the river, or as broadly diffuse seepage that is

consumed by evapotranspiration, perhaps without evidence of direct flow at the

land surface. Ground-water flow will not be toward deeper aquifers (vertical)

or beyond the Trinity River or Farmers Branch (ground-water divides). Thus,

migration of contaminants from Landfill 1 to any domestic or agricultural use

wells in the area is precluded by the natural hydrogeologic conditions in the

East Area.
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Transport in Surface Water- -Since VOCs remain in a gaseous state

and do not deposit on the ground, surface water in the area is not subject to

contamination via emissions to the air from Landfill 1. However 'OCs present

in surface water may volatilize to the air. Any contaminants which reach the

West Fork of the Trinity River by ground-water discharge would be diluted and

would move with the surface flow downstream. The West Fork of the Trinity

River is downstream of Lake Worth, which is the source of drinking water for

Fort Worth and Carswell AFB. The path of surface water drainage therefore

precludes the potential transport of contaminants from Landfill 1 to Lake

Worth.

Uptake by Plants and ;- -Food crops, including commercial

agricultural crops and backyard s, could accumulate contaminants

originating at Landfill 1 througt at uptake of any contaminants prese; in

the water used for irrigation. Migration of ground water to a surface water

source used for irrigation is the only significant pathway for contaminants to

move from Landfill 1 to plants. However, farming operations in the area

generally rely on natural precipitation or irrigation of crops with ground

water (South, J., 1988), which removes this potential pathway to human

exposure. Since emissions to the air from Landfill 1 are limited to VOCs,

which remain in a gaseous state in ambient air, they will not deposit on

above-ground plant surfaces or or e soil or surface water so as to be

available for root uptake.

Terrestrial organisms, including farm animals and wildlife, are

subject to accumulation of contaminants originating at Landfill 1. by: 1)

inhalation of ambient air, and 2) ingestion of surface water contaminated by

ground-water discharge. As discussed above, farm operations in the area do

not use surface water to irrigate crops. Therefore, farm animals are not

subject to ingestion of plants potentially contaminated by surface water used

for irrigation.

Aquatic organisms, including fish, are subject to accumulation of

contaminants originating at Landfill 1 by uptake from surface water
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contaminated via ground-water discharge/surface water transport. Contaminants

can bioaccuxnulate in the food chain of both terrestrial and aquatic organisms.

6.1.3 Exposure Pathways

Figure 6-1 depicts potential pathways for contaminants to move from

Landfill 1 to human exposure points. These same pathways apply to Sites ST14

and BSS. Pathways which are not complete have been crossed out. Remaining

pathways include:

1. Volatilization to the air/air dispersion/inhalation of ambient

air;

2. Volatilization to the air/air dispersion/inhalation by

animals/ingestion-of meat and dairy products;

3. Leaching to ground water/ground-water migration to surface

water (fishable source)/uptake by fish and other aquatic

organisms/ingestion of aquatic organisms;

4. Leaching to ground water/ground-water migration to surface

water (agricultural use source)/ingestion by animals/ingestion

of meat and dairy products;

5. Leaching to ground water/ground-water migration to surface

water (source used for contact sports)/skin contact with

water; and

6. Leaching to ground water/ground-water migration to surface

water/volatilization of volatiles/inhalation of vapors close

to source.
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6.1.4 Identification of Receptors

Based on available exposure pathways, potential human receptors for

exposure to contaminants originating from Landfill 1 include: 1) persons

residing and/or working in nearby areas, particularly downwind of the site; 2)

persons ingesting meat and dairy products from animals exposed to contaminants

in the ambient air or contaminated surface water; 3) persons ingesting fish or

other aquatic organisms exposed to contaminated surface water; and 4.) persons

swimming or participating in other contact sports in contaminated water.

Landfill 1 and the other East Area sites are located farther away from the

primary southeast base housing areas than are the Flightline Area sites.

However, they are closer to base office buildings and occupied work areas, and

to off-base residential areas to the east side of the West Fork of the Trinity

River and bordering on State Highway 183.

Potential wildlife receptors include: 1) terrestrial organisms

with habitats close to Landfill 1 that inhale ambient air and ingest surface

water, particularly from the West Fork of the Trinity River; and 2) aquatic

organisms in the West Fork of the Trinity River.

6.1.5 Quantification of Exposures

Inhalation Exposure- -Inhalation of ambient air is the most direct

exposure pathway for contaminants to move from Landfill 1 to human receptors.

Table 6-1 presents the on-site maximum and off-site maximum predicted annual

ambient air concentrations resulting from estimated Landfill 1 emissions, and

predicted concentrations at several discrete locations: the site of the

proposed base day care center (which is central to the largest on-base

residential area), the Fort Worth National Fish Hatchery, and the closest

dairy and beef operations. The table also lists Texas Air Control Board

(TACE) health Effects Screening Levels (ESLs) which the agency uses to

evaluate the impacts of air contaminants. TACB screening levels are based on

occupational exposure limits (American Conference of Governmental Industrial

Hygienists (ACCIH) Threshold Limit Values (TLVs), Occupational Health and
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Safety Administration (OSHA) standards, or National Institute for Occupational

Safety and Health (NIOSH) recommendations), odor nuisance potential,

vegetation effects, or corrosion effects. Generally, the annual ESL

corresponds to 0.1% of the lowest occupational exposure limit.

The maximum predicted annual average concentrations resulting from

estimated Landfill 1 emissions for methylene chloride, toluene, trichioro-

ethene, and vinyl chloride are lower than the conservative TACB Effects

Screening Levels by 7, 8, 9, and 7 orders of magnitude, respectively. Note

that maximum concentrations occur off-base due to the location of the site at

the east base perimeter and the prevailing wind direction.

Ingestion Exposure- -Potential ingestion exposures include ingestion

of meat and dairy products from animals exposed to contaminants in the ambient

air or contaminated surface water and fish exposed to contaminated surface

water.

Landfill 1 contributes very low concentrations of VOCs to the

ambient air. At the sites of the nearest dairy and beef operations,

concentrations are predicted to be less than 1/1,000,000,000 ig/m3 (see Table

6-1). Although cows, like humans, will absorb inhaled VOCs, these compounds

do not tend to accumulate in milk or fatty tissues which humans might consume.

Likewise, livestock consumption of surface water containing contaminants

originating from Landfill 1 is theoretically possible, if livestock consumes

water from the West Fork of the Trinity River. However, any exposure is

expected to be minimal due to the distance from Carswell AFB to the nearest

dairy and beef operations. Consumption of locally produced beef and dairy

products therefore does not represent a significant pathway of human exposure

to contaminants originating from Landfill 1.

The most significant fishable resource in the vicinity of Carswell

AFB is Lake Worth. The Fort Worth National Fish Hatchery is located at the

western end of the lake. Since there is no available pathway for contaminants

to move from Landfill 1 to Lake Worth, there is no potential for human

exposure to contaminants originating at Landfill 1 by ingestion of fish caught

6-10



in the lake. There is some potential for fish in the West Fork of the Trinity

River to accumulate contaminants from Landfill 1 due to its location at the

base perimeter adjacent to the river, and the expected discharge of ground..

water into the river. Contaminant contributions to the river from Landfill 1

via contaminated ground-water discharge could be significant if ground-water

concentrations are high. However, any contaminants would be immediately

diluted and dispersed downstream. Also, based on ground-water analytical

results from monitor wells located immediately downgradient of the site,

contaminant levels are generally low. As the actual ground-water contribution

to the West Fork of the Trinity River is unknown, concentrations of

contaminants in the river which originate from Landfill 1 were not estimated.

Dermal Exposure- -The potential for skin contact with contaminants

originating from Landfill 1 is limited to exposures while swimming in (or

otherwise in contact with) contaminated surface water. Lake Worth is the most

highly utilized surface water body for swimming and other water contact sports

in the area. Again, since there is no available pathway for contaminants to

move from Landfill 1 to Lake Worth, there is no potential for human exposure

to contaminants originating from Landfill 1 by skin contact with lake water.

As discussed above, contaminant contributions to the West Fork of the Trinity

River from Landfill 1 probably do occur; therefore, skin contact with river

water close to the site is a possible exposure pathway. However, because the

river is not widely used for swimming and water contact sports, the exposure

potential from this pathway was not quantified.

6.1.6 Threat to Human Health

Noncarcinogenic Risks

Table 6-2 shows estimates of average daily inhalation exposure (in

mg/kg body weight/day) at the location of the on-site and off-site maximum

predicted annual average concentration, and at the proposed on-site day care

facility, and compares these values with inhalation Reference Doses (RFDs) for

chronic (long-term) exposure. An inhalation RFD is an estimate of the dose of
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a chemical that can be inhaled daily for a lifetime without producing adverse

noncarcinogenic health effects. The derivation of RFDs (formerly Acceptable

Daily Intakes- -ADIs) used in this assessment is discussed in the IRP Stage 2

RI/FS Final Draft Report (Radian, 1989).

Average daily inhalation exposures for methylene chloride, toluene,

trichioroethene, and vinyl chloride are lower than pollutant-specific RFDs in

all cases by more than six orders of magnitude. The total hazard index is

significantly less than one at all locations, indicating that the threat of

noncarcinogenic health effects of inhalation exposure to contaminants

originating from this site is not significant.

Carcinogenic Risks

Inhalation Risk- -Of the four contaminants released to the air from

Landfill 1, methylene chloride, trichioroethene, and vinyl chloride are

potential carcinogens. Cancer potency estimates developed by EPA were used.in

conjunction with total daily contaminant doses to develop estimates of

incremental individual cancer risk:

individual cancer risk — total daily dose x cancer potency

(mg/kg/day) (mg/kg/day)'

Incremental individual cancer risk is the increased probability of developing

cancer in one's lifetime.

Table 6-3 provides estimates of individual cancer risk for the

maximum on-site and maximum off-site exposed individual, and for an individual

inhaling ambient concentrations in the immediate vicinity of the proposed day

care facility continuously for a lifetime. These risks, the highest of which

is 9 in 10 billion, can be dismissed as inconsequential.

Ingestion Risk- -The potential for ingestion exposure to contam-

inants originating from Landfill 1 is limited to ingestion of fish from the
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West Fork of the Trinity River. The risk of ingestion exposure by this

pathway was not quantified because residents are more likely to fish in Lake

Worth than in the river, and ground-water contributions to the river from

Landfill 1 are not known, although they are expected to be low.

Dermal Risk- -The potential for dermal exposure to contaminants

originating from Landfill 1 is remote. Unless an individual immersed

frequently in the West Fork of the Trinity River for long periods of time,

skin contact exposure can be considered insignificant. The risk of dermal

exposure was therefore not quantified.

6.1.7 Threat to Wildlife

Contaminants originating from Landfill 1 pose some risk to

terrestrial wildlife that use the West Fork of the Trinity River as a source

of drinking water, as well as to aquatic organisms in the river. The

potential contribution of Landfill 1 to contaminant concentrations in the

river was not estimated because neither the ground-water inflow to the river

nor existing contaminant concentrations in the river are known. However, site

ground-water contaminant concentrations are generally low, suggesting the

contribution is small.

6.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Evaluation of all Stage 2 analytical results indicates the

following indicator chemicals were detected in at least one surface water

and/or ground-water sample from Site SD13:
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Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)

Antimony None Benzene

Arsenic Tetrachioroethene

Barium Toluene

Beryllium

Cadmium

Chromium

Lead

Nickel

S e leniuin

Silver

6.2.1 Source and Release Characterization

Contaminant release mechanisms potentially applicable to Site SD13

are discussed below.

Volatilization to the Air- -VOCs present in the surface water or

soil are subject to volatilization to the air by virtue of high vapor

pressures. Indicator chemicals detected in the surface water which can

volatilize include benzene, tetrachloroethene, and toluene.

Estimated emission rates based conservatively on maximum

concentrations detected in the surface water from the Unnamed Stream are:

Emission Rate
Indicator Chemical (grams/second)

Benzene 3.79 x 1O

Tetrachioroethene 3.79 x lO

Toluene 1.86 x io

Fugitive Dust Generation- - Contaminants must be present in exposed

surface soil to be subject to fugitive dust generation. Because the area in
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the vicinity of the former gas station associated with this site is a paved

lot, this potential contaminant release mechanism is not applicable.

Leachate to Ground Water- -Indicator chemicals detected in ground

water at Site SD13 include: benzene, toluene, and all the indicator chemical

metals.

Surface Runoff- -Contaminants in surface soil must be exposed to be

subject to significant surface runoff during precipitation. As previously

mentioned, the area of potential soil contamination is paved and therefore not

subject to release of contaminants to runoff.

Discharge to Surface Water- -The Unnamed Stream discharges directly

to Farmers Branch less than 1/2 mile from its intersection with the West Fork

of the Trinity River.

6.2.2 Transport and Fate of Contaminants

The Unnamed Stream and abandoned gasoline station at Site SD13

potentially release VOCs to the air via volatilization; and VOCs and metals to

the surface water and ground water via direct and indirect discharge, and

leachate generation, respectively. Potentially significant contaminant

transport and fate mechanisms in the air, ground water, and surface water

include: 1) air dispersion, 2) ground-water migration, 3) transport in

surface water, and 4) subsequent uptake by plants and animals. The transport

and fate of contaminants from Site SD13 follows the same pathways as described

for Landfill 1 in Section 6.1.2. Refer to that section for details on

transport and fate.

6.2.3 Exposure Pathways

Figure 6-2 depicts potential pathways for contaminants to move from

Site SD13 to human exposure points. Pathways which are not complete have been

crossed out. The remaining pathways are the same as those identified for

Landfill 1 (Section 6.1.3), plus:
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1. Discharge to surface water/transport to fishable source/uptake

by fish and other aquatic organisms/ingestion of aquatic

organisms;

2. Discharge to surface water/transport to agricultural use

source/ingestion by animals/ingestion of meat and dairy

products; and

3. Discharge to surface water/transport to source used for

contact sports/skin contact with water.

6.2.4 Identification of Receptors

The potential human and wildlife receptors of contaminants released

from Site SD13 are the same as those identified for Landfill 1 (see discussion

in Section 6.1.4).

6.2.5 Quantification of Exposures

Inhalation Exposure--Except for skin contact with the stream water,

inhalation of ambient air is the most direct exposure pathway for contaminants

to move from Site SD13 to human receptors. Table 6-4 presents the on-site

maximum and off-site maximum predicted annual ambient air concentrations

resulting from estimated emissions, and predicted concentrations at the site

of the proposed base day care center, the Fort Worth National Fish Hatchery,

and the closest dairy and beef operations. The table also lists the TACS

ESLs.

The maximum predicted annual average concentrations resulting from

estimated site emissions for benzene, tetrachioroethene, and toluene are lower

than the conservative TACE Effects Screening Levels by 3, 6, and 6 orders of

magnitude, respectively.
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Ingestion Exposure- -Potential ingestion exposures include ingestion

of meat and dairy products from animals exposed to contaminants in the ambient

air or contaminated surface water and fish exposed to contaminated surface

water. For the same reasons discussed in Section 6.1.4 for Landfill 1,

exposure by these pathways is likely to be minimal and was not quantified.

Dermal Exposure- -The potential for skin contact with contaminants

originating from Site SD13 is limited to exposures while swimming in (or

otherwise in contact with) contaminated surface water. Again, for reasons

discussed in Section 6.1.4 for Landfill 1, exposure by this pathway is also

likely to be minimal and was not quantified.

6.2.6 Threat to Human Health

Noncarcinoenic Risks

Table 6-5 provides estimates of average daily inhalation exposure

(in mg/kg body weight/day) at the location of the on-site and off-site maximum

predicted annual average concentration, and at the proposed on-site day care

facility, and compares these values with RFDs for chronic exposure.

Average daily inhalation exposures for benzene, tetrachioroethene,

and toluene are lower than pollutant-specific RFDs fi1 all cases by more than

six orders of magnitude. The total hazard index is significantly less than

one at all locations, indicating that the threat of noncarcinogenic health

effects of inhalation exposure to contaminants originating from this site is

not significant.

Carcinogenic Risks

Inhalation Risk- -Of the three indicator chemicals estimated to be

emitted to the air from Site SD13, benzene and tetrachioroethene are potential

carcinogens. Table 6-6 shows estimates of incremental individual cancer risk
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for the maximum on-site and maximum off-site exposed individual, and for an

individual inhaling ambient concentrations in the immediate vicinity of the

proposed day care facility continuously for a lifetime. These risks, the

highest of which is 1.4 in 100 million, can be dismissed as inconsequential.

Ingestion Risk- -The possibility of ingestion of contaminants

originating from Site SD13 is remote and likely to be at most minimal. The

risk of ingestion exposure was therefore not quantified.

Dermal Risk- -The potential for dermal exposure to contaminants

originating from the site is also remote. Unless an individual immersed

frequently and for long periods of time in the waters of Farmers Branch at the

point where the Unnamed Stream flows into the creek, skin contact exposure can

be considered insignificant. The risk of dermal exposure was therefore not

quantified.

6.2.7 Threat to Wildlife

Contaminants originating at Site SD13, as discussed previously for

Landfill 1, pose some risk to terrestrial wildlife that use Farmers Branch or

the stream itself as a source of drinking water, as well as aquatic organisms

in Farmers Branch. Sampling and analysis results provide some measure of the

contribution of the Unnamed Stream to contaminant concentrations in Farmers

Branch.

6.3 Site ST14 - POL Tank Farm

Evaluation of all Stage 2 analytical results shows the following

indicator chemicals were detected in at least one soil and/or ground-water

sample at the site:
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Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)

Antimony Bis (2 -.ethylhexyl) - Benzene

Arsenic phthalate Methylene chloride

Barium Toluene

Beryllium Trichioroethene

Cadmium Vinyl chloride

Chromium

Lead

Nickel

Selenium

Silver

6.3.1 Source and Release Characterization

Contaminant release mechanisms potentially applicable to the POL

Tank Farm are discussed below.

Volatilization to the Air- -VOCs present in the soil are subject to

volatilization to the air due to their high vapor pressures. Indicator

chemicals detected at the site which can volatilize include benzene, methylene

chloride, toluene, trichioroethene, and vinyl chloride.

Estimated emission rates based conservatively on maximum

concentrations detected in the soil or ground water at the site are:

Emission Rate
Indicator Chemical (zramsJsecorid)

Benzene 1.19 x iO

Methylene chloride 5.31 x 10-6

Toluene 4.41 x 10

Trichioroethene 2.07 x 108

Vinyl chloride 9.04 x lO
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Fugitive Dust Generation- -The ground surface in the POL Tank Farm

is either covered with gravel and rock, or vegetated. Therefore, any

contaminants present in the soil at this site are not subject to significant

fugitive dust generation.

Leachate to Ground Water- -Indicator chemicals detected in the Upper

Zone ground water at Site ST14 include: antimony, arsenic, barium, beryllium,

cadmium, chromium, lead, nickel, selenium, silver, bis(2-ethylhexyl)phthalate,

benzene, toluene, trichloroethene, and vinyl chloride.

Surface Runoff- - Because the ground surface in the POL Tank Farm is

either covered with gravel and rocks, or vegetated, and is flat, any

contaminants present in the soil at this site are not subject to significant

surface runoff.

Discharge to Surface Water- -There is no direct discharge of

contaminants from this site to surface water. It is possible that

contaminants could be introduced indirectly to Farmers Branch through

discharge of Upper Zone ground water.

6.3.2 Transport and Fate of Contaminants

The POL Tank Farm potentially releases VOCs to the air via

volatilization, and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground

water via leachate generation. Potentially significant contaminant transport

and fate mechanisms in the air, ground water and surface water include: 1)

air dispersion, 2) ground-water migration, 3) ground-water discharge to and

transport in surface water, and 4) subsequent uptake by plants and animals.

The transport and fate of contaminants from the POL Tank Farm follows the same

pathways as described for Landfill 1 in Section 6.1, except that Upper Zone

ground water might discharge into the downstream portion of Farmers Branch

before it reaches the West Fork of the Trinity River. Refer to Section 6.1.2

for details on transport and fate.
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6.3.3 Exposure Pathways

Figure 6-1 in Section 6.1.3 indicates the potential pathways for

contaminants to move from Landfill 1 to human exposure points. These same

pathways apply to the POL Tank Farm.

6.3.4 Identification of Receptors

The potential human and wildlife receptors of contaminants released

from the POL Tank Farm are the same as those identified for Landfill 1 (see

discussion in Section 6.1.4).

6.3.5 Quantification of Exposures

Inhalation Exposure- -Inhalation of ambient air is the most direct

exposure pathway for contaminants to move from the POL Tank Farm to human

receptors. Table 6-7 presents the on-site maximum and off-site maximum

predicted annual ambient air concentrations resulting from estimated POL Tank

Farm emissions, and predicted concentrations at the proposed base day care

center, the Fort Worth National Fish Hatchery, and the closest dairy and beef

operations. The table also lists TACE ESLs.

The maximum predicted annual average concentrations resulting from

estimated POL Tank Farm emissions for benzene, methylene chloride, toluene,

trichioroethene, and vinyl chloride are lower than the conservative TACB ESLs

by orders of magnitude ranging from 3 to 9.

Inzestion Exposure- -Potential ingestion exposures include ingestion

of meat and dairy products from animals exposed to contaminants in the ambient

air or contaminated surface water and fish exposed to contaminated surface

water. For the same reasons discussed in Section 6.1.4 for Landfill 1, any

exposure by these pathways is likely to be minimal and was not quantified.

Dermal Exposure- -The potential for skin contact with contaminants

originating from the POL Tank Farm is limited to exposures while swimming in
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(or otherwise in contact with) contaminated surface water. Again, for reasons

discussed in Section 6.1.4 for Landfill 1, any exposure by this pathway is

also likely to be minimal and was not quantified.

6.3.6 Threat to Human Health

Noncarcinogenic Risks

Table 6-8 shows estimates of average daily inhalation exposure (in

mg/kg body weight/day) at the location of the on-site and off-site maximum

predicted annual average concentration, and at the proposed on-site day care

facility, and compares these values with RFDs for chronic exposure.

Average daily inhalation exposures for benzene, methylene chloride,

toluene, trichloroethene and vinyl chloride are lower than pollutant-specific

RFDs in all cases by more than five orders of magnitude. The total hazard

index is significantly less than one at all locations, indicating that the

threat of noncarcinogenic health effects of inhalation exposure to

contaminants originating from this site is not significant.

Carcinogenic Risks

Inhalation Risk- -Of the five contaminants expected to be emitted to

the air from the POL Tank Farm, benzene, methylene chloride, trichloroethene,

and vinyl chloride are potential carcinogens. Table 6-9 provides estimates of

incremental individual cancer risk for the maximum on-site and maximum off-

site exposed individual, and for an individual inhaling ambient concentrations

in the immediate vicinity of the proposed day care facility continuously for a

lifetime. These risks, the highest of which is 5.7 in 100 million, can be

dismissed as inconsequential.

Ingestion Risk- -The potential for ingestion exposure to

contaminants originating from the POL Tank Farm is remote and likely to be

minimal. The risk of ingestion exposure was therefore not quantified.
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Dermal Risk- -The potential for derinal exposure to contaminants

originating from the POL Tank Farm is also remote. Unless an individual

immersed himself frequently and for long periods of time in the waters of

Farmers Branch or the West Fork of the Trinity River near the discharge point,

skin contact exposure can be considered insignificant. The risk of derinal

exposure was therefore not quantified.

6.3.7 Threat to Wildlife

Contaminants originating from the POL Tank Farm pose a similar low

level of risk to terrestrial wildlife that use Farmers Branch/West Fork of the

Trinity River as a source of drinking water, and to aquatic organisms in the

creek and river, as described for Landfill 1 (Section 6.1.7).

6.4 Site BSS - Base Service Station

Evaluation of all Stage 2 analytical results indicates the

following indicator chemicals were detected in at least one soil or ground-

water sample at the site:

Seinivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)

Antimony Bis(2-ethylhexyl) - Benzene

Arsenic phthalate 1,2 -Dichioroethane

Barium Tetrachloroethene

Beryllium Toluene

Cadmium Trichloroethene

Chromium

Lead

Nickel

Selenium

Silver
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6.4.1 Source and Release Characterization

Contaminant release mechanisms potentially applicable to Site RSS

are discussed below.

Volatilization to the Air- -Indicator chemicals detected at the site

which can volatilize include benzene, 1,2-dichioroethane, tetrachloroethene,

toluene, and trichloroethene.

Estimated emission rates based conservatively on maximuni

concentrations detected in the soil or ground water at the site are:

Emission Rate
Indicator Chemical (grams/second)

Benzene 2.33 x 1O

l,2-Dichloroethane 2.16 x 10-8

Tetrachioroethene 8.08 x i0°

Toluene 1.17 x 10

Trichioroethene 2.56 x l0

Fugitive Dust Generation- -The Base Service Station area is either

paved or covered with vegetation; therefore any contaminants present in the

soil are not subject to significant fugitive dust generation.

Leachate to Ground Water- -Indicator chemicals detected in the

ground water near the Base Service Station include: antimony, arsenic,

barium, beryllium, cadmium, chromium, lead, nickel, selenium, silver, benzene,

1 , 2- dichloroethane, tetrachloroethene, toluene, and trichioroethene.

Surface Runoff- -As noted above, the Base Service Station area is

covered with concrete/asphalt or with vegetation, and is flat. Therefore, any

contaminants present in the soil at this site are not subject to significant

surface runoff.
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Discharge to Surface Water- -There is no direct discharge of

contaminants from this site to surface water.

6.4.2 Transport and Fate of Contaminants

The Base Service Station potentially releases VOCs to the air via

volatilization, and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground

water via leachate generation. Potentially significant contaminant transport

and fate mechanisms in the air and ground water include: 1) air dispersion,

2) ground-water migration, 3) ground-water discharge to and transport in

surface water, and 4) subsequent uptake by plants and animals. The transport

and fate of contaminants from the Base Service Station follows the same

pathways as described for Landfill 1 in Section 6.1.2. Refer to this section

for details on transport and fate.

6.4.3 Exposure Pathways

Figure 6-1 in Section 6.1.3 depicts potential pathways for

contaminants to move from Landfill 1 to human exposure points. These same

pathways apply to the Base Service Station.

6.4.4 Identification of Receptors

The potential human and wildlife receptors of contaminants released

from the Base Service Station site are the same as those identified for

Landfill 1 (see discussion in Section 6.1.4).

6.4.5 Quantification of Exposures

Inhalation Exposure--As is the case for all other East Area sites,

inhalation of ambient air is the most direct exposure pathway for contaminants

to move from the Base Service Station to human receptors. Table 6-10 presents

the on-site maximum and off-site maximum predicted annual ambient air

concentrations resulting from estimated Base Service Station emissions, and
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predicted concentrations at the proposed base day care center, the Fort Worth

National Fish Hatchery, and the closest dairy and beef operations. The table

also lists TACB ESLs.

The maximum predicted annual average concentrations resulting from

estimated Base Service Station emissions for benzene, 1,2-dichloroethane,

tetrachloroethene, toluene, and trichloroethene are lower than the

conservative TACB ESLs by orders of magnitude ranging from 4 to 10.

Ingestion Exposure- -Potential ingestion exposures include ingestion

of meat and dairy products from animals exposed to contaminants in the ambient

air or contaminated surface water, and fish exposed to contaminated surface

water. For the same reasons discussed in Section 6.1.4 for Landfill 1, any

exposure by these pathways is likely to be minimal and was not quantified.

Dermal Exposure- -The potential for skin contact with contaminants

originating frorn.the Base Service Station is limited to exposures while

swimming in (or otherwise in contact with) contaminated surface water. Again,

for reasons discussed in Section 6.1.4 for Landfill 1, any exposure by this

pathway is also likely to be minimal and was not quantified.

6.4.6 Threat to Human Health

Noncarcinogenic Risks

Table 6-11 shows estimates of average daily inhalation exposure (in

mg/kg body weight/day) at the location of the on-site and off-site maximum

predicted annual average concentration, and at the proposed on-site day care

facility, and compares these values with RFDs for chronic exposure.

Average daily inhalation exposures for berizene, 1,2-dichioroethane,

tetrachloroethene, toluene, and trichloroethene are lower than pollutant-

specific RFDs in all cases by more than five orders of magnitude.
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Carcinozenic Risks

InhalatIon Risk- -Of the five contaminants that may be emitted to

the air from the Base Service Station, benzene, 1,2-dichloroethane, tetra-

chioroethene, and trichioroethene are potential carcinogens. Table 6-12

provides estimates of incremental individual cancer risk for the maximum on-

site and maximum off-site exposed individual, and for an individual inhaling

ambient concentrations in the immediate vicinity of the proposed day care

facility continuously for a lifetime. These risks, the highest of which is

1,9 in 1 billion, can be dismissed as inconsequential.

Ingestion Risk- -The potential for ingestion exposure to con-

taminants originating from the Base Service Station is remote and likely to

be, at most, minimal. The risk of ingestion exposure was therefore not

quantified.

Dertnal Risk- -The potential for dermal exposure to contaminants

originating from the Base Service Station is also remote. Unless an

individual ininiersed himself frequently and for prolonged periods of time in

the West Fork of the Trinity River near the base, skin contact exposure can be

considered insignificant. The risk of dermal exposure was therefore not

quantified.

6.4.7 Threat to Wildlife

Contaminants originating from the Base Service Station pose a

similar low level of risk to terrestrial wildlife that use the West Fork of

the Trinity River as a source of drinking water, and to aquatic organisms in

the river, as described for Landfill 1 (Section 6.1.7).

6.5 Defense Priority Model Evaluation

Radian used the Defense Priority Model (DPM) (Oak Ridge National

Laboratory, 1987) to evaluate the four East Area IRP Sites LFO1, SD13, ST14,

and BSS; and the Flightline Area at Carswell AFB. DPM uses site-specific
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data to prioritize sites according to the severity of contamination. For the

DPM, geologic and hydrologic data are used to indicate ground-water travel

times and chemical analyses are compared to toxicological benchmarks to

indicate risk to the local human population and natural environment.

Using information obtained during Stage 2 of the IRP at Carswell

AFB, the DPM indicated the following ranking for the sites investigated

(numbers in parentheses are the results of the DPM scoring and indicate

relative rankings):

1. Unnamed Stream and Abandoned Gasoline Station (20,760);

2. Flightline Area (19,381);

3. Landfill 1 (7,036);

4. Base Service Station (5,929); and

5. POL Tank Farm (4,584).

Radian has conducted extensive, detailed investigations of these

sites and has produced a ranking of these sites which differs somewhat from

the DPM ranking. The alternate ranking, which is based on the results of the

Radian investigations is as follows:

1. Flightline Area;

2. Unnamed Stream and Abandoned Gasoline Station/POL Tank Farm;

3. Base Service Station; and

4. Landfill 1.

This discrepancy is probably because the DPM is designed as an

unbiased tool for comparison and, therefore, has a simple, rigid format that

does not take into account all factors which might be relevant to the ranking

of a particular site. Indeed, the Introduction to the User's Manual for the

DPM indicates the possibility of false high scores using the DPM. The

justification for the high priority ranking for the Flightline Area is

provided in the Flightline Area Draft RI report (Radian, 1991). The

justification for the revised ranking with respect to the East Area sites is
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explained below. The DPM evaluation worksheets for each site are provided in

Appendix F.

Priority Evaluation for East Area Sites

The most significant difference between Radian's ranking and the

DPM ranking is the position of Landfill I. In the DPM model, Landfill 1

received a relatively high ranking based on the site's proximity to the

Trinity River and the lack of an effective barrier system. based on the most

recent analytical data, however, only very low levels of indicator chemicals

were identified at the site, with no detected concentrations of any volatile

organic compound or metal above the MCL. For this reason, Radian assigns a

higher priority to the other East Area sites.

The Unnamed Stream and Abandoned Gasoline Station (Site SD13)

ranked high in the DPM model and in the ranking by Radian because the site

represents a direct migration pathway to the West Fork of the Trinity River.

It is anticipated that this site will be treated in conjunction with the POL

Tank Farm in the FS for the East Area, since the POL Tank Farm, where ground-

water contamination is documented, is directly upgradient of Unnamed Stream,

and is directly or indirectly contributing contaminants to Site SD13. The

nature of the contaminant source, the overall areal extent of contamination,

and the potential for the contamination to reach the river make this combined

site of the highest priority in the East Area.

The base Service Station is given a relatively low priority in both

the DPM evaluation and in Radian's evaluation based on several factors. While

maximum detected concentrations of benzene and toluene were relatively high,

these compounds were only detected in one well, suggesting the areal extent of

the contamination is limited. The nature of the contaminant source is known

(i.e., gasoline UST). In addition, the occurrence of ground water at the site

is limited and is not continuous, reducing the potential for migration of

contaminants at the site to the West Fork of the Trinity River.
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7.0 SUMMARY AND CONCLUSIONS

This section summarizes the environmental contaminants detected in

the East Area sites, with special emphasis on the extent of contaminant

migration, the mechanisms/pathways by which the contaminants are transported,

and the level of risk the contaminants pose to the human health and the

environment. Also identified are existing data gaps, possible ways to address

additional data requirements, and the objectives of any remedial actions

conducted in the East Area.

7.1 Summary of Contamination and Associated Risks

The follbwing subsections present an overview of the main con-

taminants in the East Area and the quantified risks associated with exposure

to those contaminants.

7.1.1 Nature and Extent of Contamination

Ground-water and surface water sampling and analysis conducted in

the East Area in 1990 identified two areas of volatile organic contamination

in Upper Zone ground water, at the POL Tank Farm and the Base Service Station.

Evidence of inorganic contamination in Upper Zone ground water and Unnamed

Stream was limited to a few occurrences of chromium, lead, and arsenic above

MCLs, mainly in the total metals analyses. Overall concentrations of both

volatile organic and inorganic constituents in ground-water and surface water

samples were generally lower than concentrations for the same analytes in

previous IRP studies. This trend may be the result of natural attenuation of

these constituents in the ground-water or surface water systems, however, it

should be noted that the weeks immediately preceding the Spring 1990 sampling

event were characterized by abnormally high precipitation (and flooding). The

resultant increase in infiltration and recharge may have had the effect of

diluting contaminants, resulting in lower concentrations of detected constitu-

ents.
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Following is a summary of the current understanding of the nature

and extent ofcontamination at the four sites where additional investigative

activities were performed in 1990: Site LFO1 (Landfill 1), Site SD13 (Unnamed

Stream and the Abandoned Gasoline Station), Site ST14 (POL Tank Farm), and

Site BSS (Base Service Station). There were no additional data collected at

Site 0T12 (Entomology Dry Well) or Site SD1O (Flightline Drainage Ditch), and

the Phase II Stage 2 Remedial Investigation report (Radian, 1989) contains the

current interpretation of the nature and extent of contamination at these

sites.

Site LFO1 - Landfill 1

Recent (1990) ground-water sampling of the five monitor wells at

Site LFO1 provided no basis for inferring the existence of a ground-water con-

taminant plume, organic or inorganic, at this site. A previously interpreted

metals contaminant problem at the site was not supported by the most recent

ground-water analyses.

Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Although volatile organic compounds (VOCs) were detected in both

ground water and surface water at Site S013, no MCLs were exceeded and there

was no pattern observed to the VOC detections. Therefore, there is no

evidence of a volatile organic compound contaminant problem at the site.

The most recent (1990) inorganic analytical results, from ground

water of the four recently installed monitor wells, do not suggest metals

contamination of the Upper Zone ground water at the site. No metals were

detected above MCLs.

Concerning metals concentrations in the Unnamed Stream, the same

metals species found in excess of MCLs in the surface water samples appear to

be adsorbed to stream sediments. Two surface water samples that contained

total concentrations of three metals above MCLs had corresponding dissolved

metals concentrations below the MCLs. One dissolved selenium concentration
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above the MCL was determined to be a laboratory reporting error and the actual

concentration was below detection.

Site STl' - POL Tank Farm

Several volatile organic compounds were detected in ground-water

samples from monitor wells at Site ST14. Benzene was the only VOC detected in

the most recent ground-water sampling at a concentration which exceeded its

MCL.

Based on the 1988 soil gas and ground-water sampling and the 1990

ground-water sampling at the site, the contamination underlying Site ST14 and

vicinity appears to be divided into two regions; the first associated with

Tanks 1156 and 1157, and the second associated with the adjacent fuel loading

facility.

Figure 7-1 depicts the probable extent of benzene contamination at

Site ST14, based on the most recent analytical data and the distribution of

soil gas determined in the Stage 2 soil gas survey. Monitor well ST14-17M,

located at the center of the interpreted benzene plume beneath the fuel

loading facility, contained the only detected concentration of benzene above

the respective MCL in the nine wells sampled in the 1990 investigation. Over

two feet of immiscible material was encountered in this well in the 1990

sampling event. Monitor well ST14-l7M also had the highest concentrations of

chlorobenzene, toluene, and total xylenes detected at the site in the most

recent sampling. The extent of the benzene plume in the Upper Zone ground

water is delineated on Figure 7-1, and is within the confines of the existing

monitor well network at the site.

Chromium was detected above its MCL in only one well at the site,

and this concentration was measured in the total metals analysis. Lead was

detected above MCLs in three monitor well samples at ST14, only one of which

(from ST14-02) was for the dissolved metals analysis and is considered

suspect.
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LEGEND:

Well Contained > 2 Feet
Free Product, Spring 1990

5T14—17J Monitor Well

3.8g/L Concentration

Not Detected

Probable Extent of Benzene
in Ground Water (Spring 1990).

ST 14—02
ND

511 4—01

Figure 7-1. Probable Extent of Benzerie Contamination (Spring, 1990), Site
ST14, Carswell AFB, Texas

7-4



Site BSS - Base Service Station

Information gathered to date on Site BSS suggests a contaminant

problem associated with the underground storage tank adjacent to monitor well

BSS-B.

In the 1990 sampling investigation, of the three wells sampled at

the site, only well BSS-B contained detectable levels of volatile organic com-

pounds. Benzene, toluene, and total xylenes were all detected in the ground

water at this location above their MCLs. The downgradient extent of the VOC

contamination detected in monitor well BSS-B is not defined with the current

monitor well network, however, results of the soil gas analyses performed at

the site in 1987 suggested a plume size of approximately 100 feet wide by 200

feet long.

Cadmium was detected above the MCL of well BSS-C in the total

metals analysis but was not detected in the dissolved metals analysis. No

other metals concentrations exceeded MCLs.

7.1.2 Fate and Transport

Site LFO1 - Landfill 1

The low levels of volatile organic contaminants in the Upper Zone

ground water at Site LFO1 are expected to move downgradient to the east,

toward the Trinity River (Figure 3-11). Shallow ground-water flow near the

Trinity River will probably be discharged at the surface as broadly diffuse

seepage that is consumed by evapotranspiration. There is no visual evidence

of seepage at the land surface between Site LFO1 and the river. Shallow

ground-water flow will not be downward to deeper aquifers or laterally beyond

the Trinity River. Any contaminants which reach the river via ground-water

migration are subject to dilution and movement with the surface flow down-

stream. Any VOCs present in surface water will be subject to volatilization

to the air. Since the detected concentrations of volatile organic compounds

are already (in most cases) at levels less than five times their detection
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limits, it is unlikely that these compounds would be detectable following

their introduction into the Trinity River. No metals (dissolved or total)

were detected above MCLs at the site.

Site Sf13 - Unnamed Stream and Abandoned Gasoline Station

Shallow Ground Water- -Investigative activities conducted in 1985

revealed high levels of organic compounds in ground water, probably origi-

nating from petroleum hydrocarbons. However, based on the 1990 volatile

organic compound analytical results, the abandoned gasoline station does not

appear to be contributing appreciable organic contamination to the shallow

ground-water system. Any contaminants in the ground water would be expected

to move hydraulically downgradient, eventually entering either the oil/eater

separator and the Unnamed Stream or Farmers Branch itself where the initially

low concentrations would be further diluted. Still more dilution of con-

taminants would result as Farmers Branch flows into the West fork of the

Trinity River less than one-half mile from Site SD13. Any VOCs entering

Farmers Branch and the Trinity River would be subject to volatilization to the

air. No metals were detected above MCLs in the shallow ground water at Site

SD13.

Unnamed Stream- -No volatile organic compounds were detected above

MCLs in the Unnamed Stream. The results of the laboratory analysis for

inorganic constituents suggest that metals in the Unnamed Stream are preferen-

tially adsorbed to sediments rather than occurring primarily dissolved in the

surface water. This mode of transport (i.e., adsorbed to sediment) would

result in slower migration of contaminants downstream than for the dissolved

phase, and would be slower than the actual surface-water flow rate. As

evidenced by the lower dissolved and total concentrations of arsenic and lead

in the downstream water samples, the metals apparently tend to accumulate in

the stream bed sediments. The presence of iron oxides, initially identified

coating sediments in the Unnamed Stream in the Phase II Stage 1 investigation,

suggests that precipitation of metals is active in the stream sediments. The

removal of metals such as lead and arsenic is enhanced by this process, as

these metals commonly co-precipitate with or are adsorbed onto hydrous iron
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oxide compounds. Both lead and arsenic are generally nonvolatile and will

tend to remain adsorbed to the stream bed sediments in the Unnamed Stream. As

long as there is a source of these metals, the metals will continue to

accumulate in the sediments in the upper reaches of the stream.

Site ST14 - POL Tank Farm

The average Upper Zone ground-water flow velocity at the POL Tank

Farm was determined to be approximately 0.3 feet per day. Also, examination

of Figure 3-8 indicates shallow ground-water flow toward the southeast, or

Farmers Branch. Therefore, the benzene contamination observed in the shallow

ground water at Site ST14 is expected to migrate with the shallow ground water

toward Farmers Branch. Volatilization and degradation of benzene from the

ground water will tend to decrease the concentration of benzene as it moves

downgradient, assuming there are no additional sources.

Any benzene in the ground water reaching Farmers Branch would be

diluted by the stream, and increased volatilization would occur. Benzene from

the site, however, would be expected to pass through the french drain system

and the oil/water separator and ultimately enter Farmers Branch via the

Unnamed Stream.

The low dissolved lead concentrations in the shallow ground water,

the nonvolatile nature of the metal, and the affinity of the metal to adsorb

onto sediments suggest the overall distribution of lead at the site will not

change significantly in the future.

Site BSS - Base Service Station

Migration of volatile organic compounds in the shallow ground water

would be toward the Trinity River, as suggested by the potentiometric surface

map of the site (Figure 3-8). Migration rates will probably be slower

downgradient (east) of well BSS-B because the permeable, water-bearing sands

present in that location were not detected in borehole BSS-D.
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The principal fate of the volatile organic compounds detected in

the ground water at well BSS-B would be volatilization to the atmosphere.

This could occur as the ground water moves toward the Trinity River and upon

entering the river. Insufficient downgradient well control precludes deter-

mination of the maximum contaminant extent.

Metals contamination is not of concern at the Base Service Station

since no cadmium was detected in the filtered sample in monitor well BSS-C and

no other metals were found above their MCLs in samples from wells at this

site.

7.1.3 Risk Assessment

Using both the 1988 and 1990 analytical results from the various

media sampled in the East Area sites, indicator chemicals for each site were

selected according to procedures documented in the U.S. EPA Health Evaluation

Manual (1986). Although several of the indicator chemicals selected, par-

ticularly the semi-volatile and metals compounds, are not believed to

represent an actual contaminant problem at the site, they were included in the

risk assessment process to ensure a conservative (stringent-case) evaluation

of possible health risks.

Possible mechanisms of contaminant release applicable to one or

more of the East Area IRP sites include: 1) volatilization to the air, 2)

fugitive dust generation, 3) leachate to ground water, 4) surface runoff, 5)

direct release to surface water, and 6) contaminated ground-water discharge to

surface water.

Following is a site-by-site summary of the possible risks to human

health and the environment posed by the chemicals found in the various media

at the East Area sites.
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Site LFO1 - Landfill 1

Landfill 1 potentially releases VOCs to the air via volatilization;

and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground water through

leachate generation. Potentially significant contaminant transport and fate

mechanisms from LFO1 in the air and ground water include: 1) air dispersion,

2) ground-water migration, 3) ground-water discharge to and transport in

surface water, and 4) subsequent uptake by plants and animals.

Results of an evaluation to determine possible human exposure

routes from the four previously mentioned waste release mechanisms show six

potential pathways exist (Figure 6-1). All six of the pathways initially

involve contaminants volatilizing to the air or leaching to the ground water.

Based on the potential pathways identified, potential human and wildlife

receptors for exposure to contaminants migrating from LFO1 were identified.

Attempts at quantifying three types of exposures - inhalation,
ingestion, and dermal contact were made in the LFO1 risk assessment. Both on-

site and off-site maxirnuxn predicted annual air concentrations of VOC emissions

originating from LFO1 were compared to the Texas Air Control Board (TACB)

health Effects Screening Levels (ESLs), which the agency uses to evaluate the

impacts of air contaminants. The maximum predicted annual average con-

centrations resulting from Landfill 1 VOC emissions were a minimum of seven

orders of magnitude lower than the conservative TACB ESLs. Potential inges-

tion exposures, including meat and dairy products and fish exposed to con-

taminants, were evaluated and found to not represent a significant pathway for

human exposure to contaminants originating from the site. Dermal exposure to

contaminants in the West Fork of the Trinity River is possible, however,

because the river is not widely used for swimming and water contact sports

this potential exposure pathway was not quantified.

The threat to human health posed by the site was evaluated in terms

of noncarcinogenic and carcinogenic risks. The total hazard index was found

to be significantly less than the level of concern, indicating the threat of

noncarcinogenic health effects of inhalation exposure to contaminants origin-
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ating from the site is not significant. The individual cancer risk for the

maximum on-site and off-site exposed individual, the highest of which is 9 in

10 billion, can be dismissed as inconsequential. The potential for ingestion

exposure to contaminants originating from Site LFO1 is limited to ingestion of

fish from the '?est Fork of the Trinity River. The risk of ingestion exposure

by this pathway was not quantified because most local fishing takes place in

lake Worth and the ground-water contributions to the river from Site LFO1 are

both not known and probably low. The potential for dermal exposure to

contaminants originating from Landfill 1 is remote and therefore was not

quantified.

because the site ground-water contaminant concentrations are

generally low and the ground-water inflow to the Trinity River is not known,

the risk to terrestrial wildlife that use the river as a source of drinking

water and to aquatic organisms in the river is suspected to be minimal.

Site SD13 - Unnamed Stream and Abandoned Gasoline Station

The Unnamed Stream and Abandoned Gasoline Station potentially

release VOCs to the air via volatilization; and VOCs and metals to the surface

water and ground water via direct and indirect discharge, and leachate

generation, respectively. Potentially significant contaminant transport and

fate mechanisms in the air, ground water, and surface water include: 1) air

dispersion, 2) ground-water migration, 3) transport in surface water, and 4)

subsequent uptake by plants and animals.

Potential pathways for contaminants to move from Site SD13 to human

exposure points are the same as Site LFO1 plus three additional pathways

associated with an initial discharge to surface water (Figure 6-2). The

potential human and wildlife receptors of contaminants released from Site SD13

were identified and are the same as those for Site LFO1.

Quantification attempts of inhalation, ingestion, and dermal

exposures to contaminants originating from the site were made. The maximum

predicted annual average concentrations resulting from site indicator chemical
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VOC emissions are at least three orders of magnitude lower than the TACB ESLs.

Following the same reasoning presented relating to Landfill 1, ingestion and

dermal exposure pathways are considered to be minimal and were not quantified.

With inhalation the remaining exposure pathway of significance, the

threat to human health by inhalation of VOCs emitting from Site SD13 was

evaluated in terms of noncarcinogenic and carcinogenic risks. Noncarcinogenic

risks were compared to a hazard index and found to be insignificant. Car-

cinogenic risks associated with inhalation of ambient concentrations of VOCs

emitted from the site, the highest of which is 1.4 in 100 million, can be

dismissed as inconsequential.

Site ST14 - POL Tank Farm

The POL Tank Farm potentially releases VOCs to the air via volatil-

ization, and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground water

via leachate generation. Potentially significant contaminant transport and

fate mechanisms in the air, ground water and surface water include: 1) air

dispersion, 2) ground-water migration, 3) ground-water discharge to and

transport in surface water, and 4) subsequent uptake by plants and animals.

The transport and fate of contaminants from the POL Tank Farm follows the same

pathways as described for Landfill 1 except that Upper Zone ground water might

discharge into the downstream portion of Farmers Branch before it reaches the

West Fork of the Trinity River.

Figure 6-1 in Section 6.1.3 indicates the potential pathways for

contaminants to move from Landfill 1 to human exposure points. These same

pathways apply to the POL Tank Farm. The potential human and wildlife

receptors of contaminants released from the POL Tank Farm are the same as

those identified for Landfill 1.

Quantification of the exposure to inhalation of ambient air con-

centrations of VOCs originating from Site 5T14 was accomplished and the

predicted annual average concentrations resulting from the site were found to

be lower than the conservative TACB ESLs by a minimum of three orders to
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magnitude. Exposure by ingestion and dermal pathways is likely to be minimal

and was not quantified.

The threat to human health, both noncarcinogenic and carcinogenic,

was evaluated in terms of risks. Noncarcinogenic health effects of inhalation

exposure to contaminants originating from Site ST14 was found to be insig-

nificant. Carcinogenic risks associated with an individual inhaling ambient

concentrations of VOCs originating from the site, the highest of which was

determined to be 5.7 in 100 million, can be dismissed as inconsequential.

Ingestion and dermal noncarcinogenic and carcinogenic risks are likely to be

minimal and were therefore not quantified.

The threat to wildlife from exposure to contaminants originating

from the POL Tank Farm site is a similar low level of risk as described for

Landfill 1.

Site BSS - Base Service Station

The Base Service Station potentially releases VOCs to the air via

volatilization, and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground

water via leachate generation. Potentially significant contaminant transport

and fate mechanisms in the air and ground water include: 1) air dispersion,

2) ground-water migration, 3) ground-water discharge to and transport in

surface water, and 4) subsequent uptake by plants and animals. The transport

and fate of contaminants from the Base Service Station follows the same

pathways as described for Landfill 1.

Figure 6-1 in Section 6.1.3 depicts potential pathways for con-

taminants to move from Landfill 1 to human exposure points. These same

pathways apply to the Base Service Station. The potential human and wildlife

receptors of contaminants released from the Base Service Station site are the

same as those identified for Landfill 1. As is the case for all other East

Area sites, inhalation of ambient air is the most direct exposure pathway for

contaminants to move from the Base Service Station to human receptors.
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The maximum predicted annual average concentrations resulting from

estimated Base Service Station emissions for volatile organic compounds are

lower than the conservative TACE ESLs by a minimum of four orders of mag-

nitude. Again, ingestion and dermal exposure pathways were considered

negligible and were not quantified.

The threat to human health posed by the site was evaluated in terms

of noncarcinogenic and carcinogenic risks. Noncarcinogenic health risks were

found to be insignificant and the incremental cancer risk for the maximum

exposed individual, the highest of which is 1.9 in 1 billion, can be dismissed

as inconsequential.

Contaminants originating from the Base Service Station pose a

similar low level of risk to terrestrial wildlife that use the West Fork of

the Trinity River as a source of drinking water, and to aquatic organisms in

the river, as described for Landfill 1.

7.2 Conclusions

The following subsections focus on additional data requirements,

recommended ways to obtain the additional data, and the remedial action

objectives for the East Area sites.

7.2.1 Data Limitations and Recommendations for Future Work

Work on the remedial investigation of the East Area was performed

in multiple stages, each being designed to evaluate the nature and extent of

any contamination present and the potential migration pathways available, such

that remedial alternatives could be identified and evaluated, if required.

Based on the results of the Spring 1990 sampling event, contamination in the

East Area is mainly organic in nature, contaminant concentrations are general-

ly low, and/or contamination occurs in areas of limited areal extent.

Therefore, no additional remedial investigation activities in the East Area

are recommended. While heavy rainfall in the weeks immediately preceding

sampling may have caused some dilution of contaminant concentrations, the
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concentration variations possibly related to this are not expected to differ

significantly from previously observed concentration variations between

sampling events. Activities to confirm this interpretation, especially with

regard to lead concentrations in ground water at the POL Tank Farm, should be

included in pilot scale testing of selected treatment technologies, if

required. Similarly, final delineation of the extent of contaminated soils

and ground water at combined Sites SD13/ST14 and Site BSS should be

accomplished within the context of the detailed remedial alternatives (i.e.

verification sampling, long-term monitoring) to be developed in the East Area

FS.

7.2.2 Recommended Remedial Action Objectives

Results of studies conducted in the East Area have shown varying

degrees of contamination in the ground water, surface water, and soils. Based

on the existing environmental conditions, the recommended objectives of any

remedial actions are to:

1) Reduce or eliminate potential impacts to human health and the

environment;

2) Reduce or eliminate the potential for future contaminant

migration in the ground water or surface water; and

3) Reduce, eliminate, or immobilize contaminants in residual

wastes or near-surface soil (Upper Zone deposits).

To identify and evaluate remedial alternatives, potentially con-

taminated environmental media were identified based on previous East Area

investigative results. These media include contaminated soil, Upper Zone

ground water, and surface water. Specific remedial action objectives iden-

tified for each of the media are presented in Table 7-1. Remedial action

objectives were developed for each media based upon the following standards or

criteria:
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70-year cancer risk potential;

National interim primary drinking water standards maximum

contaminant levels (MCLs) for organics (40 CFR 141.12 and

141.61) and inorganics (40 CFR 141.11 and 141.62); and

Final MCLs for organics and inorganics (Federal Register, Vol.

56, No. 20, 30 January 1991).

Table 7-1 does not list all contaminants that have regulatory criteria or

standards. Instead the table lists those contaminants that were identified as

indicator chemicals in the baseline risk assessment for the East Area. As

previously explained, metals are included as indicator chemicals, primarily on

the basis of total concentrations detected. The dissolved metals con-

centrations detected in the 1990 sampling event do not suggest significant

metals contamination.
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS

AA atomic absorption

AFB Air Force Base

Alluvium stream-deposited sediment; predominantly clay,
silt, sand, and gravel

Aquifer geologic unit capable of storing and
transmitting significant quantities of ground
water

Aquitard geologic unit impervious to ground water which
acts to contain ground water within an adjacent
unit

ARAR Applicable or Relevant and Appropriate

Requirement

Artesian term applied to ground water confined under
hydrostatic pressure, water level in well rises
above the top of the aquifer

BCL below ground level

BLS below land surface

Confined Aquifer aquifer confined between two aquitards

DOD U.S. Department of Defense

ECD electron capture detector

EICP Extracted Ion Current Profile

EPA U.S. Environmental Protection Agency

Evapotranspiration loss of water from the soil both by evaporation

and by transpiration to growing plants

Extraction method for mobilizing contaminant species from a
solid matrix prior to analysis

FDTA Fire Department Training Area

FS feasibility study

GC gas chromatography

1



GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

GC/1-1SD gas chromatography/halide specific detector

CC/MS ges chromatography/mass spectroscopy

GFAA graphite furnace atomic absorption spectroscopy

gpd gallons per day

gpm gallons per minute

Hydraulic Conductivity a coefficient of proportionality describing the
rate at which water can move through a permeable
medium

IRP Installation Restoration Program

MCL Maximum Contaminant Level

MS mass spectroscopy

MSL mean sea level

MS/MSD Matrix Spike/Matrix Spike Duplicate

NCP National Contingency Plan

OEHL Occupational and Environmental Health Laboratory

OVA organic vapor analyzer

O&G oil and grease

PCB polychlorinated biphenyl

PID photoionization detector

Piezometric/Potentio- an imaginary surface representing the static
metric Surface head of ground water defined by the level to

which water will rise in a well

ppb parts per billion

ppm parts per million

QAPP Quality Assurance Program Plan

2



GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Gout.)

QA/QC

RI/FS

SOW

Spike

SW- 846

TCE

TDS

TOG

TOX

TPM

Transmissivity

Unconfined Aquifer

USA-

USAFOEHL

USDA

USGS

VOC

Water Table

Quality Assurance/Quality Control

Remedial Investigation/Feasibility Study

Statement of Work

a known amount of a compound added to a sample
and analyzed to determine the accuracy of

analysis

EPA test methods for evaluating solid wastes,
physical and chemical methods

trichioroethene

Total dissolved solids

Total organic carbon

Total organic halides

Technical Program Manager

the rate at which water is transmitted through a
unit width of an aquifer or confining bed under
a unit hydraulic gradient

also referred to as "water-table aquifer," an
aquifer in which the water table forms the upper

boundary

United States Air Force

United States -Air Force Occupational and
Environmental Health Laboratory

United States Department of Agriculture

United States Geological Survey

volatile organic compound

the elevation of the ground-water surface in an
unconfined aquifer
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

Multiplication Factor Prefix S'rmbo1

l,O00,000,00O,0O0,O00,O00—l0
exa- E

l,000,000,000,000,000=1012 peta-

lO0000O.0O00OO=l09 tera- T

1,000,000,000=106 giga- C

l00000O_103 mega- M

1000=102
kilo- k

lOO=lOi
hecto- h

10=lOi deka- da

0.1=102 deci- d

0.01=103 centi-

0.001=106 milli- a

0.000 O01=l0 micro- U
0,000 000 001=10.12 nano-

0.000 000 000 001=10 pico- p
0,000 000 000 000 001=10

8
fento- f

0.000 000 000 000 000 001=10_i atto- a

ppm(parts per million) — mg/kg, ug/g, rig/mg, pg/ug, zng/L, ug/mL, ng/uL
ppb (parts per billion) — ug/kg, ng/g, pg/mg, ug/L, ng/mL, pg/uL
ppt (parts per trillion) = ng/kg, pg/g, fg/ing, ng/L, pg/mL, fg/uL
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APPENDIX A

Lithologic Logs

[Previous Lithologic Logs may be found in
Radian (1986) and Radian (1989)]
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I DRILLING LOG I RADIAN CORPORATION j INSTALLATION: CARSWELL AF8. TX I SHEET 1 OF I SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 14.6 ft BGL I

I 8. DATLJ1 FOR ELEVATION SHOWN: see LeveL

2. LOCATION: East Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

3. DRILLING AGENCY: Envirorinental Drillers. Inc. 10. NO. OF SAMPLES TMEN: 6

4. HOLE NO.: S013-O1 j 11. ELEVATION GROUND WATER: 558.61. ft 1151 (3/26/90) 1,

5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/26/90

6. COORDINATES OF HOLE:

Y 202t..R1.722 Y! 3QQQA37 1L

13. SURFACE ELEVATION: 570.30 ft MSL F:

15. MEASURING POINT ELEVATION: 573.24 ft MSL

Depth Graphic

I(Ft.)f Log

Blow

CoLrIt

Soil

Class/Code JVisuat Description

I

I Remarks
h,

F
J

(

I

I

!

I

I

0 U/CLLR

J

I

I

I

jClay: Dark brown, slightly silty, organic, stiff, roots

and decaying wood, dairq.

I

I

I

jlopsoit first 0.5

Ift. Caliche zone

(0.2 ft.) at 0.5

Ift. BLS. Full

IsaiiLe recoveries

unless noted.

I

I

I

I

I

3

4

U/SILT

I

U/SILT

I

I

I

Silt: Light brown, slightLy clayey, cohesive, 1 . 2%

granule size calcareous nodules, oxidation stained
mottling, dai.
Silt: As above, getting sandy (fine grained), not as
Icohesive.

I

I

I

I

11.5 ft. recovery.

IStight diesel odor.

I

I

I

I

I

I

I

I

I

I.

j

I

7.2

. . . .
I

. ..

....i
11

r 10 0 i
J 0 0
JO 0 Cl
t 0 0

I
U/SAND

I

I

I

I

I

I

I U/GRVL

I

I

I

I

I

Sand: Greenish/gray, slightly clayey, slightly

cohesive, fine to mediun grained, quartzose, dan; At

19.0 ft. going to tan, Loose, gravelly.

I

I

I

Gravel: VaricoLored, 5 - 10% sand, shells, saturated;

Most gravels are quartz-chert, 2 - 10 me, subangutar to

srouIded.

I

I

I

Ioradationat

change; 1.2 ft.

Irecovery; Strong

Idiesel odor.

I

I

I

IW.L. measured at

110.7 ft. BLS.

Measured after well

Icoi,letion at 9.9

ft. BLS; 3.2 ft.

JsaLe recovery.

I

I

I

I

I

I

I

I

I

I

JIc
14.51 so

I

I U/MARL

I

Limestone: Whitish - gray, weathered, indurated,

I

JDrove 1.5 in. S.S.

I

I

I

I I

I

I I

I

I

I

I

I

fissile.

I

I

Ji in. = 50 BLows.

T.D. = 14.6 ft.

I

I

I

I

I

I

I I I I I

I

I

I I

I I

I

I

I

I

I

I

I

I

I

I

I

I

I

I I I I I

I

I

I

I

I

I

I

I

I

I

I I

I

I

I

I

I

I I i I

I I I I I
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I DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 14.2 ft BGL I

8. DATUM FOR ELEVATION SHOWN; sea Level I

I 2. LOCATION: East Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

3. DRILLING AGENCY: Enviromental Drillers. Inc. 1 10. NO. OF SAMPLES TAKEN; 7 I

4. HOLE NO.: 5013-02 11. ELEVATION GROUND WATER: 559.19 ft MSL (3/26/90)

5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/27/90 I

6. COORDINATES OF HOLE;

X: 2024974.41 Y; 400058.53

13. SURFACE ELEVATION: 570.64 ft MSL

14. BACKGROUND:

15. MEASURING POINT ELEVATION: 573.39 ft MSL

Blow Soil

Visual Description I Remarks

UI CL LR

U/CLLR

U/CLLR

U/CLLR

UI SD LR

U/SDGR

LJ/LMSN

lDepthl Graphic I

LFI

0

12

14

16

8

I 11

14

Clay; Orange, brown, and green, silty, sandy, 1 3% IFuLL sanlers

limestone gravels, firm, cohesive, danV. lunless noted; 1.3 I

I Ift. recovery; Looks

I Ilike fill. I

Clay: As above, mottled and Layered with varying colors 11.6 ft. recovery. I

and grain sizes, very disturbed Looking. I I

I

Clay: As above. .

I

I

ILooks Like fill.

I

I

I

I

I I I

I I I

Clay: As above, matrix supported gravels, still has I

disturbed appearance. I

I I I

I I I

ISand: Orange/tan, 5 10% smeLl gravel, loose, varying 11.0 ft. recovery. I

Igrain sizes but mostLy mediun grained, graveLs mainly I

5.10 nm but some to 20 mn, dan(.

I I I

I I I

I I I

ISand and Gravel: As above but increasing percentage of 12.8 ft. recovery;
gravel, wet at 13.5 ft. Largest gravels are Limestone IW.L. measured at
land occur between 13.5 ft. and 16.0 ft. 113.4 ft. BLS.

ILimestone: Gray, hard, oxidation stained on partings. IT.D. 14.2 ft.

1.



DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB, TX SHEET 1 OF 1 SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 14.1 ft BGL

I 8. DATLJ4 FOR ELEVATION SHOWN: sea level I

2. LOCATION: East Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 I

3. DRILLING AGENCY: EnvirornentaL Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 9 I

j. HOLE NO.: SD13-03 11. ELEVATION GROUND WATER: 557.44 ft MSL (3/26/90) I

5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/26/90 I

6. COORDINATES OF HOLE:

X: 2024919.81 Y: 399934.09

1 13. SURFACE ELEVATION: 568.60 ft NSL I

14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION: 571.54 ft MSL

Depth Graphic Blow Soil
(Ft.) Log Count Class/Code IVisual Description Remarks

-u---

8

10

12

0 U/CLLR Clay: Dark brown, silty, firm, dan, organic, roots. Full recoveries

I I I lunless noted; 1.3

I ft. recovery.

I I I I

I

2 U/CLLR IClay: As above, becoming orange/brown.
I

I

I

I

I
3

I

U/SILT ISiLt: Orange/brown, cLayey, cohesive, small roots,

Idatrp, 2 5 nm calcareous noduLes.

1.7 ft. recovery;

Iaradational change.

I

I

I

I

I

I

I

I

I

I

4

6.8

J

I

I

I

I

I

I

I

I

I

I

U/SILT

U/SAND

U/SiD

U/SAND

Silt: As above, increasing coarseness (fine sand).

I

I

I

I

I

ISand: Green/gray, very fine - mediun grained, slightLy

clayey and cohesive, dair, quartzose, subrounded.
ISand: As above, Less cLay; 0.4 ft. sand and gravel seam
lat 9.0 ft., wet at approximately 9.0 ft. Gravels 2 5

mn (smaLL). Sand is sLightLy cohesive.

I

ISand: As above, Less clay, fine to coarse grained.

I

I

I

I

I

I
11.1 ft. recovery.

I

IW.L. measured 9.1
Ift. BLS after well
corLetion; Strong

diesel odor.

3.O ft. recovery.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I I

I

I

I

I

I I

I

I I

I

I

I

I

I

I

I

I

I

I

I

I

U/GRVL

U/LHSN

I

I
Gravel: Varicolored, 20Z sand, 2 . 40 nm, larger

jgravets limestone and angular, smaller quartz and
subrounded.

Limestone: Dark gray, indurated.
I

I

I

I

I

I

I

I

I

I I

I I

Strong diesel
odor. -

I

I I

ISacLer (CME) I

Irefusal at 14.0 ft.

Drove 1 1/2 in.
Is.s.: 50 Blows =

10.1 ft. T.D.

114.lft.

I I

I I

I I

I I

I

I I I I I I

I I

I

I

I

I

I

I

I

I

I

I

I I I I I I

I I I I I
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. DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX SHEET 1 OF 1 SHEETS I

I

B-61

1

•-

I

:

j 1. PROJECT: CARSUELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 10.6 ft BGL

8. DATL$ FOR ELEVATIOt4 SHOWN: sea Level

. 2. LOCATION: East Area I • MUFACTURER'S DESIGNATION OF DRILL: Mobile DrILL

3. DRILLING AGENCY: Envirorwnental Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 6
4. HOLE NO.: S013-04 I 11. ELEVATION GROUNDWATER: 558.64 ft MSL (3/26/90)

I 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/26/90

6.

I

COORDINATES OF HOLE:

X: 2024992.02 Y: 399931.97

1 13. SURFACE ELEVATION: 566.81 ft MSL

14. BACKGROUMD:

I I 15. MEASURING POINT ELEVATION: 569.24 ft MSL

IDeptht

jft
Graphic

-

I
Blow Soil

ICtass/Code Ivisuel DescriDtion I Remarks

0

U/LNSN

I U/CLLR JCLay: Dark brown, stiff, organic, dai; At 1.5 ft. IFuIL recoveries

I I Igoing to a green siLty clay with catcareous mottling. lunless noted

I I I lotherwise; I

I I I ILimestone fill

I I
. jfirst 0.3 ft.

I

2 I U/CLLR ICLaY: As above, getting sandy (very fine to fine 11.2 ft. recovery.

I I

I

I

Igrained.

I

I

I

I

I

I

I

I

I
"•

I U/SOMD ISand: Orange/ten, Loose, mediur greined, quartzose, 10.8 ft. feovery. I

I I anv. I I

I I I I I

I

6

I

U/SAND Isand: Green/gray, slightly clayey arid slightly
jcohesive. At 7.5 ft. becoming coarse grained, Loose,

)w.L. measured at

I.'5 ft. BLS after
J

I I )wet, 5% granuLe size gravel. Iwelt coTpletion.
I

I

I

I

I I
I

I
8.5 U/GRVL JGraveL: Varicolored, 20% sand, slightly cLayey, gravels IStrong diesel odor

I

I

I

I

Ito 50 ma, larger sizes are limestone clasts, saturated.

I

p8.5 . 9.5 ft.

I I

I I I I

I I ILimestone: Dark gray, fissile, indurated, no fossils. Iorove S.S. J

I I I Isanpter; 50 bLows

I I I I I Ii 3/4 in.; =
I

I I I I I

I

I10.6ft. I
I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I



I DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AF8. TX SHEET 1 OF 1 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 18.8 ft BGL

!RP PHASE II STAGE 2 I 8. DATLI FOR ELEVA1 ION SHOWN: sea Level

I 2. LOCATION: East Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61

I 3. DRILLING AGENCY: Envirorinental Dritters Inc. 10. NO. OF SAMPLES TAKEN: 8

1 4. HOLE P40.: 5114-01 I 11. ELEVATION GROUND WATER: 557.09 ft MSL (3/26/90)

1 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/27/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 573.20 ft MSL

I X: 2024309.32 Y: 399886.09 I 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION: 575.89 ft NSL

(Depth

0

Graphic I Blow Soil
IVisuat Descrition

U/ CL LR

U/CLLR (Clay: As above, very stiff.

U/CLLR

U/ Cl. LR

U/SAND

Li/SDMD

I

2

I

I

I

J4

16

IS

I

I

I 10

I

I

I 15

I

I

I

I

I

I 18.21

I

I

I

I

I

I

I

Iclay: Dark brown, sLightly silty, stiff, organic, dan. (FuLL sanplers I

I luntess noted. )

I

:

I

(CLay: As above, turning gray/green at 5.0 ft. I . I

IClay: Gray/green, silty, 5% catcareous material, firm j I

Ito stiff, danp, oxidation staining.
I

I

I

I

I

(Sand: Greenish/gray, slightly claye. - 9 ft., 11.0 ft. recovery. I

(slightly cohesive, fine grained, dau; at 9.0 ft. going I I

(to tan, fine to mediuii grained, loose, quartzose, danç. (

I

I

I

(Sand: Tan, mediun grained (mainly), loose, >95% quartz, (1.5 ft. recovery; f

11-5% smalL gravel, saturated. IW.L. measured at I

I 111.1 ft. BLS I

I (through augers. I

I I I

I I I

I I I

I I I

(Sand and Gravel: As above, increasing gravel content I I

(with depth to 60% at 17.5 ft. I I

( I I

(Marl: Gray, fissile, inrated. IT.D. 18.8 ft.

U/ SDGR

Li/LMSN

I I

I I I

I I I
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DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX SHEET 1 OF I SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 17.5 ft BOL

8. DATUM FOR ELEVATION SHOWN: sea Level

2. LOCATION: East Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

3. DRILLING AGENCY: Erivirorinentat Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 8

1 4. HOLE NO.: ST14-02 J 11. ELEVATION GROUND WATER: 558.14 ft MSL (3/27/90)

1 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/27/90

6.

I

COORDINATES OF HOLE:

X: 2024311.51 Y: 400102.44

J 13. SURFACE ELEVATION: 572.70 ft MSL

J 14. BACKGROUND:

I j 15. MEASURING POINT ELEVATION: 575.64 ft MSL

Depthl Graphic
1l

Blow Soil
I

Visual Descriotion I Remarks
0

2

4.8

6

8.5

10

U/CLLR

U/CLLR

U/SILT

U/SILT

U/SAND

U/SAND

U/SDGR

U/LMSN

1

IClay: Dark brown, silty, stiff, organic, daivç; going to

Itight brown at 3.0 ft.

IClay: As above, carbonaceous noduLes (5%, 1 - 3 imi),

si ltier.

JSilt: Green with oxidation stained mottling, very fine

jgrained sand, slightly clayey, cohesive, 1 * 3 %

(catcereous noduLes.

Silt: As above, sandier, roots.

(Sand: Greenish/gray, fine to mediun grimed, clayey,
sLightLy cohesive, wet at 9.0 ft.

ISand: Greenish/gray, coarsening with depth, quartzose,

(Loose, minor graveL ('10%) 12.5 . 13.5 ft.

(Sand and GraveL: VaricoLored, 40% gravel. (to 20 nui),

(saturated; gravels mainly quartz - chert, subrourid,

sand quartzose; increasing gravel to 60% at 16 ft. BLS.

(Limestone: Gray, hard, oxidation staining.

(FulL recoveries

(iLess noted.

Appears to be
I in-situ.

(GradationaL

change.

(Strong diesel

odor.

(W.L. measured at

Iv.' ft. BLS through

(augers; 3.0 ft.

(recovery.

(T.D. • 17.5 ft.17.1

I I

I I

I I

I I

A_O



DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF SHEETS

1. PROJECT: CARSUELL AF, I 7. TOTAl. DEPTH OF HOLE: 18.3 ft BGL I

IRP PHASE II STAGE 2 I 8. DATLM FOR ELEVATION SHOWN: see LeveL
L2. LOCATION: East Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL 8-61

3. DRILLING AGENCY: Environnentat DrilLers. Inc. 10. NO. OF SAMPLES TAKEN: 12

4. HOLE NO.: ST14-03 I 11. ELEVATION GROUND WATER: 558.42 ft MSL (3/28/90)

5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE MOLE ESTABLISHED: 3128190

6. COORDINATES OF HOLE: 1 13. SURFACE ELEVATiON: 574.83 ft MSL

j X: 2024116.09 Y: 400672.37 I 14. BACKGROUND:

1 15. MEASURING POINT ELEVATION: 576.72 ft MSL.

tDepthl Graphic

0

0.5

Blow Soil
ICIsac/Code IVisut flescriotion

U/LP4SN (Limestone: Limestone base material; fill material.

2

!'

6

18

I
11

12

14

116

17.5

I

L Remarks
I

IDriLled first 0.5
I

(ft.

I U/CLLR (CLay: Dark brown, stiff, brick fragments, broken glass,

I_.
j
I

I

I

U/CLLR IC1ay: As above, at 3.0 ft. sharp change to light brown,

(stiff, silty clay, with calcareous nodules.

I

I

(Full s.nLers

(aless noted.

I

I

I

I

I

U/CLLR (Clay: Light brown, silty, firm, shell fragments, moist.

I

I

I

(

I

I

I

I

I

I

U/CLLR CLay: As above, soft, very moist.
I

I

(

I

I

I

I

I

. I I I

U/CLLR IClay: Green/gray, silty, calcareous nodules, oxidation
Istaining, firm, danV.

I

(Green foamy Liquid

(observed on sale.

I

(

I

I I I I

I I I I

I I I I

U/SOCk. (Sand: Green/gray with oxidation stained mottLing, very (0.5 ft. recovery. I

I (clayey, fine to medius grained, slightly cohesive, wet. ( I

I U/SDCL Isarid: Ctayey, as above. 11.2 ft. recovery.

I I I I

I I 1 1

I I I I

I U/SAND (Sand: As above, tight gray, not as clayey. IU.L. measured down

I ( augers at 15.4 ft.

I I (BLS. I

I I I I

I U/SAND ISand: Light gray, fine to mediur grained, s.tround, I

I homogeneous, wet.
I I

I I I I
I U/SDGR ISand and Gravel: 50/50, rust colored, limestone gravels ISaavler (DIE) I

I Ito 30 am, smeller gravel mainly chert. (refusal at 18.2 ft.
J

I ILimestone: Gray, hard. (Drove S.S; 50 I

I blows : 0.1 ft.; I

I I IT.D. = 18.3 It.
I

I I I

I I I

I 1 I

I I I

I I I

....I

....I

18.2 50 U/ LMSN

I I
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DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX SHEET 1 OF 1 SHEETS

1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 17.0 ft BGL

IRP PHASE II STAGE 2 I 5. DATLJ4 FOR ELEVATION SHOWN: sea Level

2. LOCATION: East Aree I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe Drill B-61

3. DRILLING AGENCY: EnvirormientaL DrilLers. Inc. I 10. NO. OF SAMPLES TAKEN: 10

j 4. HOLE MO.: ST14-04 I 11. ELEVATION GROUND WATER: 558.74 ft MSL (3/28/90) 1

5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/29/90

6. COORDINATES OF HOLE: 1 13. SURFACE ELEVATION: 572.90 ft MSL

X: 2024566.48 Y: 400231.53 I 14. BACKOROUtID:

IDepthI Graphic I
Ft

0

Blow Soil
ICode IVisuat Deserintion

2

U/SAND ISand: Sandy Lo for first 0.5 ft.

U/CLLR

U/CLLR

U/CLLR

U/ CL LR

U/ CL LR

U/SAND

ICLaY: Dark brown, sLightly silty, stiff, carbonaceous

Jspotting, roots, dalTp.

jCLay: As above, going to orange/brown at 3.8 ft..

Isi ttier.

ICLaY: Orange/brown, stiff, calcareous material, dan,.

Clay: As above, oxidation staining, calcareous nodules

Ito 15 nm.

IClay: Gray/green, very silty, very fine grained sand,
caLcareous nodules, dan.

JSand: Gray/green, clayey, fine grained, wet,
carbonaceous staining, cohesive; Going to med iujn arid
coarse grained at 11.7 ft.

IGraveL: Varicolored, slightly sandy, saturated,
Jbimodal; smaller gravel (5 - 20 nun) mainly subrounded

Ichert, larger gravels (20 - 50 nun) limestone.

lGravel: As above, sand is approximately 25%.

16

18

13

15

U/GRVL

LRemarks

IFuLL sanLe

I recoveries unLess

Inoted.

Istrong fueL odor.

Iaradational

change; W.L.

Imeasured in well, at

19.6 ft. BLS.

Strong fuel odor.

JT.D. 17.0 ft.

U/GRVL

16.5 U/LMSN fissile, oxidation staining on

I I

I I

I I

I I

ILilnestone: Gray, hard,

jpartings.

A_i f



APPENDIX B

Well Completion Sunmiaries

[Previous Well Completion Summaries may be found in
Radian (1986) and Radian (1989)]
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WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB

1. PROJECT: IRP PHASE II STAGE 2. CARSWELL AFB I 9. INSTALLATION DATE: 3/26/90

10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

I

2. lOCATION: Site $013 j 11. ZONE OF COMPLETION: Aquifer J

3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 5.00 ft

4. WELL NO.: $013-Ui 13. MEAS. POINT ELEV.: 573.24 ft MSL.

5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in

6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: ScheduLe 40 PVC J

7. FORMATION OF COMPLETION: J 16. SCREEN BEGIN. DEPTH: 7.12 ft

8. LOCATION TYPE: UL

18. REMARKS: 1-Bottom cap, 1-7.55'

I 17. SCREEN SLOT SIZE: 0.02 in

Screen,1-1O' Riser, 1-Locking Cap, 1-5'xO.5' Locking SteeL Cover

I

I

I

I

I I

TOP OF CASING

I

I
GROUND SURFACE I I

BACKFILL MATERIAL:

Cement -Bentoni te Grout

'I

'I
—

I

— I

I I I t I

I I I I I

I I I I

I I I I I

I I I I I

I I i BOREHOLE DIAMETER: I

I I I' 8.000th I I

I I I I I I

I I I I I I

I I I I I I

I I I I
SEAL MATERIAL: I . I

I I I I
Bentonite I I

CASING DEPTH:
I

I I I

t I I I I

SEAL LENGTH:
I I I I

2.lOft
I I I

I I I I I

+ I I I I

BOREHOLE

DEPTH:

14.60 ft

14.50 ft
I

t I I

I I I

I I

I I I

SCREEN LENGTH: I I

7.2Oft I I

I I I

I I

I I I

+ I I

t I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I

I I I I I

FILTER PACK
I I

LENGTH:
I I I

9.6Oft
I I I

I I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I I I

I

I

I I

I

I I

I

I

I t I

I I I I

BLANK LENGTH:
I I

0.18 ft
I I

I I I I

I
+ + I

FILTER PACK MATERIAL: 8-20 SiLica Sand
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I WELL COMPLETION LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB I 9. INSTALLATION DATE: 3/27190

I I 10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN I

2. LOCATION: Site $013 I 11. ZONE OF COMPLETION: Aquifer I

3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 7.40 ft I

4. WELL NO.: SDI3-02 13. PlEAS. POINT ELEV.: 573.39 ft MSL I

5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in I

6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: Schedule 40 PVC I

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 9.50 ft

I 8. LOCATION TYPE: WL 17. SCREEN SLOT SIZE: 0.02 in I

I
18. REMARKS: 1_5Sx2M Screen, 1_lOSx2M Riser, 1.2.5Sx2M Riser, 1-0.2' Bottom Trap, 1-Locking Cap, 1-S'xO.5' SteeL

I Protective Cover

I ________ TOP OF CASING
I

I I I

GRJND SURFACE I I I

I t I I I t I

I I I I I I I

I I BACKFILL MATERIAL: I I I I

I Cement-Bentonite Grout I I I I

I I I I I I I

I I \I I I ______ BOREHOLE DIAMETER:
I

I I 'I I I
8.000 in

I

I BOREHOLE
I I I I I I

I DEPTH:
I I I I I I

I 14.2Oft
I I I I I I

I I I I I I SEAL MATERIAL: . I

I I I I I I Bentoni te I

I I _______ I I I I I,
I I t I I I I I

I I SEAL LENGTH:
I I I I I I

I I 2.10 ft
I I I CASING DEPTH: I

I I I I I I 14.2Ott
I

I ________ I I I I

I I t I I I I I I

I I I I I I I

I I I I ___ I ________ I I

I I I I I_I I t I I

I I I I I ___ I I I I I

I I I L I_I I I I I

I I I I I ___ I I I I I
I I I I I — I I SCREEN LENGTH:

I

I I I I I _______ I 4.OOft
I I

I I FILTER PACK — I I I I I
LENGTH:

I_______ I I I I I

I I 6.8Oft I_I I I I

I I I I ___ I I 4' I I

I I I I I I I t I I

I I I I I I I I I I

I I I I I BLANK LENGTH:
I I

I I I I I I I O.7Dft
I I

I I I I I I I I I

I I I I I 4' 4' I

I I I I

I _____________ ______ I

I FILTER PACK MATERIAL: 8-20 SiLica Sand I



WELL COMPLETION LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB 9. INSTALLATION DATE: 3/26/90

10. WELL COMPLETION METHOD: GRAVEL PACK li/SCREEN

1 2. LOCATION: Site $013 11. ZONE OF COMPLETION: Aquifer

3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 5.00 ft

1 4. WELL NO.: S013-03 13. MEAS. POINT ELEV.: 571.54 ft MSL

5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in

6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: Schedute 40 PVC

[ 7. FORMATION OF COMPLETION: 16. SCREEN BEGIN. DEPTH: 7.08 ft

8. LOCATION TYPE: WL 17. SCREEN SLOT SIZE: 0.02 in

I 18. REMARKS: 1_51x2N Screen (cut), 1-1O'x2" Riser, 1 Bottom Cap, 1-Locking 2" Cap, 1-5'xO.S' SteeL Protective

Cover

________ TOP OF CASING

I I I I
GROUND SURFACE ____________________________ ______ I

I t I I I

I I I I I

I BACKFILL MATERIAL:
I I

I I Cement-Bentonite Grout I I I I I

I I I I I I I

I "I I I / BOREHOLE DIAMETER:
I

I I 'I I I\ 8.000 in

I BOREHOLE
I I I I I I

DEPTH:
I I I I I

I 14.lOft I I I I I I

I I I I SEAL MATERIAL; I I

I I I I Bentonite I I

I I _______ I I I I

I t I I I I I

I I SEAL LENGTH:
I I I I

I 2.30 ft
I

CASING DEPTH: I

I I I I I I 14.OOft
I ______ I I I I

I I I I I I I I

I I I I I I I I I

I I I I I ___ I I ________ I I

I I I I_I I I I I

I I I I I ___ I I I I

I I I I_I I I I

I I I I I ___ I I I I I

I I I I — I I SCREEN LENGTH:
I I

I I I _____ I I 6.77ft I I

I I FILTER PACK — I I I I I

I I LENGTH:
I _______ I I I I I

I I 9.10 ft
I I I I I

I I I I I ___ I I 4' I I

I I I I I I t I I

I I I I I I

I I I I I I BLANK LENGTH:
I I

I I I I I O.l5ft
I I

I I I I I I I I I

I I I I I _____________ I

I I I I

I _____________ ______ I
I FILTER PACK MATERIAL: 8-20 SiLica Sand

I -I
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WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL

I

AFB I 9. INSTALLATION DATE: 3/26/90

I 10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN

2. LOCATION: Site SD13 I 11. ZONE OF COMPLETION: Aquifer

[ INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 4.30 ft

4. WELL NO.: 5013-04 I 13. MEAS. POINT ELEV.: 569.24 ft MSL

5. WELL OWNER; U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in

j 6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 PVC

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 5.80 ft
8. LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-0.2'Bottoni Trap, 1•5'x2" Screen, 1_101x2H Riser (cut), 1-Locking Cap, 1-5'xO.5' SteeL Protective
Cover

_________ TOP OF CASING
I

I I
GROUND SURFACE I J I

I t I I I t I

I I I
BACKFILL MATERIAL:

I I I I
CenentBentonite Grout

I I I I I

I I I I I I

I I \I I _____ BOREHOLE DIAMETER:
I

I I 'I I I I' 8.000 in
I

I BOREHOLE
I I I I I

DEPTH:
I I I I I I

1O.6Oft
I I I I I I

I I I I I
SEAL MATERIAL:

I I

I I I I I Bentonite I

I I _______ I I I I

t I I I I I

I SEAL LENGTH:
I I I

I I 2.00 ft
I I CASING DEPTH:

I I I I I I 1O.5Oft
I I _____ I I I I I I

I I t I I I I I I

I I I I I I I I

I I I I ___ I I ________ I I

I I I I I_I I t I I

I I I I I ___ I I I I

I I I_I I I I I

I I I ___ I I I I

I I I I — I I SCREEN LENGTH:
I

I I I I I _____ I I 4.OOft
I

I FILTER PACK — I I I I I

I LENGTH: I_______ I I I I
6.30 ft

I I I I

I I I I ___ I I ________ I I

I I I I I I t I I

I I I I I I I I

I I I I I I I BLANK LENGTH:
I I

I I I I I I I O.TOft I I

I I I I I I

I I I I I _________________ I

I I I I I_____________ I I

I FILTER PACK MATERIAL: 8-20 SiLica Sand
I



I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATIOW: CARSUELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB

I

I 9. INSTALLATION DATE: 3/27/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN

1 2. LOCATION: Site ST14 I 11. ZONE OF COMPLETION: Aquifer

J 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 6.50 ft 1

J 4. WELL NO.: 5114-01 I 13. MEAS. POINT ELEV.: 575.89 ft MSL

j 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in

j 6. WELL TYPE CLASS: MONITORING WELL 1 15. CASING MATERIAL: Schedule 40 PVC 1

J 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 8.45 ft

8. LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1.10x21S Screen, 1_1O1x2U Riser, 1-Locking Cap, 1-Bottcqs Cap, 1-S'xO.5' Locking SteeL Cover

________ TOP OF CASING

GROUND SURFACE I I

t I I I t
I I I I I

BACKFILL MATERIAL:
I I I

Cement-Bentonite Grout ) I I
I I I I

I \l I I / BOREHOLE DIAMETER:
I

I 'I I I 8.000 in

BOREHOLE I
DEPTH:

I I I I
18.8Oft I I I I I I

I I I I I SEAL MATERIAL:

I I I J
Bentonite J I

______ ___ I I I

I I t 1 I I

I I SEAL LENGTH:
1 I I I

2.00 ft
J

CASING DEPTH:

I I I I I I 18.4Oft )

1 ______ I

I t I I I I

I I I I I I I

I I I I ___ 1 I ________ I

1 I I I_I I t I I

I I I I I ___ I I I I I

I I I I I_I I I

I I I I I ___ I I

I I I I I — I I SCREEN LENGTH:
I I

I I I I _____ I I 9.lSft I I

I I FILTER PACK
I I I I I I

I LENGTH: I________I I I I

I 12.30 ft — I I I I I

I I I I I ___ I I ________ I I

I I I I I f I

I I I I I I I I

I I I I I I BLANK LENGTH:
I I

I I I I I I I O.2Oft
I I

I I I I I I I I I

I I I I I I 'I, I

I I I_____________ ______ I
I FILTER PACK MATERIAL: 8-20 Silica Sand
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WELL COMPLETION LOG I RADIAN CORPORATION J INSTALLATION: CARSWELL AFB

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL

I
AFB J 9. INSTALLATION DATE: 3/27/90

J 10. WELL COMPLETION METHOD: GRAVEL PACK 11/SCREEN

2. LOCATION: Site 5114 J 11. ZONE OF COMPLETION: AQuifer

j 3. INSTALLING CO.: Radian Corporation J 12. SEAL END DEPTH: 5.00 ft

j 4. WELl. NO.: ST14-02 J 13. MEAS. POINT ELEV.: 575.64 ft MSL
5. WELL OWNER: U.S. AIR FORCE J 14. CASING DIAMETER: 2.00 in j
6. WELL TYPE CLASS: M0NITORING WELL J 15. CASING MATERIAL: ScheduLe 40 pvc I
7. FORMATION OF COMPLETION: J 16. SCREEN BEGIN. DEPTH: 7.05 ft

8. LOCATION TYPE: WI. J 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-10' Screen, 1-10' Riser, 1-0.2' Bottom Trap

I TOP OF CASING

GROUND SURFACE _________________________________________ I

t I I f I

I I I I I I I
BACKFILL MATERIAL:

I I I I I
Cement-Sentontte Grout

J I I I
I I I I I I I I

I I \I I I I! BOREHOLE DIAMETER:
I I

I 'I 8.000 in
I

I BOREHOLE I I I I

I DEPTH: I I I I I I
17.5Oft I I I I I

I I SEAL MATERIAL:

I I I I I Bentonite I I

I I ______ I I I I I I

I I 1 I I I I I

I I SEAL LENGTH: I I I

I I 2.30 ft I I
CASING DEPTH: I

I I I I I I 17.lOft
______ I I I I I I

I t I I I

I I I I I I I I I

I I I ______ I I ______________ I

I i_I I t I I

I I II ___ I I I I

I I I J............I I I I

I I I I I ___ I I I I I

I I — I SCREEN LENGTH: I

I I I I I _____ I I 9.lSft I

I FILTER PACK
I I

I LENGTH: _______ I I I

I I 12.50 ft I — I I I I I

I I I I I ___ I I 4' I

I I I I I t I

I I I I I I I I I

I I I I I BLANK LENGTH:
I

I I I I I I O.3Oft I

I I I I I I I I I

I I I I 4' I

I I I I I I
I ______________ I I

FILTER PACK MATERIAL: 8-20 SiLica Sand



I WELL COMPLETION LOG I RADIAN CORPORATION iNSTALLATION: CARSWELL AFB

1

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB 1 9.

1 10.

INSTALLATION DATE: 3/28/90

WELL COMPLETION METHC: GRAVEL PACK W/SCREEN

1 2. LOCATION: Site ST14 11. ZONE OF COMPLETION: Aquifer

1 3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 5.80 ft
j 4. WELL NO.: 5114-03 13. MEAS. POINT ELEV.: 576.72 ft NSL

5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in

6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: Schedute 40 PVC
I

7. FORMATION OF COMPLETION: J 16.
8. LOCATION TYPE: IlL I 17.

SCREEN BEGIN. DEPTH: 7.85 ft

SCREEN SLOT SIZE: 0.02 in I

1

18. REMARKS: 1-1O'x2" Screen, 1-1O'x2" Riser, 1-Locking Cap, 1-0.2' Bottom Trap, 1-Z.S'x2" Riser (cut)
I

L

I _________ TOP OF CASING

I I I I

I GROUND SURFACE I _______________________________________________ I

I t I I I I t
I I I I I I I I

I BACKFILL MATERIAL:
I I I I I I

I Cement-Bentonite Grout I I I I I

I I I I I I I

I \I I I / BOREHOLE DIAMETER:
I

I I 'I I 8.000 in
I

I BOREHOLE
I I I I I I

I DEPTH:
I I I I I

18.3Oft
I I I I

I I I I SEAL MATERIAL:
I

I I I I I Bentonite
I _______ I I I I I I

I I t I I I I I I

I I SEAL LENGTH:
I I I I

I I 2.30 ft CASING DEPTH:
I

I I I I I I I 17.9Oft
I

I I ______ I I I I I

I I f I I I I I

I I I I I I I

I I I I I ___ I I I

I I I I I_I I t I I

I I I I I ___ I I I I I

I I I I_I I I I I

I I I I I ___ I I I I I

I I I I I — I I SCREEN LENGTH:
I I

I I I _____ I I 9.7Sft I

I I FILTER PACK — I I I
LENGTH: I________ I I I I I

I I 12.50 ft I I — I I I I I

I I I I I ___ I 4' I I

I I I I I I I t I

I I I I I I I

I I I I I I BLANK LENGTH: I

I I I I I I 0.3Oft I

I I I I I I I I I

I I I I I 4' I

I I I I I I_____________ _______ I
I FILTER PACK MATERIAL: 8-20 Silica Sand
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WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL MB
1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB j 9. INSTALLATION DATE: 3/29/90

( 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

2. LOCATION: Site ST14 11. ZONE OF COMPLETION: A.jifer

3. INSTALLING CO.: R.dian Corporation 12. SEAL END DEPTH: 4.30 ft I
4. WELL NO.: STI4-O4 L 13. MEAS. POINT ELEV.: 575.74 ft MSL
5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in I
6. WELL TYPE CLASS: NON ITORING WELL 15. CASING MATERIAL: ScheduLe 40 PVC

7. FORMATION OF COMPLETION: 16. SCREEN BEGIN. DEPTH: 6.45 ft

8. LOCATION TYPE: WI.

18. REMARKS: 1_lOsx2N

( 17. SCREEN SLOT SIZE: 0.02 in

Screen, 1_101x2U Rieer, 1-0.2' Bottom Trap. 1-5'xO.5' SteeL Protective Cover, 1-Locking Cap
(2") j

_____ TOPOFCASING
I

GROUND_SURFACE _________________________________________

t I I t I

I I I I I I I

I I BACKFILL MATERIAL:
I I I I I I

I Cement-Bentonite Grout J I I I I I

I I I I I

I I ______ J i BOREHOLE DIAMETER:

'I I I I' 8.000 in

I BOREHOLE I I I I I I

I DEPTH:
I I I I

I 17.OOft I I I I I I

I I I I I I SEAL MATERIAL: I I

I I I I Bentonite I I

I I __________________ I I I I I I

I I t I I I I I I
I SEAL LENGTH: I I I

I I 2.00 ft
J I I CASING DEPTH:

I

I I I I I I 16.5Oft
I ______ ___ I I I

I I t I I I I I I

I I I I I I I I I

I I I I I ___ I I ________ I I

I I I I I__......I I t I I

I I I I I ___ I I I I I

I I I I I_.........I I I I I

I I I I I ___ I I I I

I I I I — I I SCREEN LENGTH:

I I I I I _____ I 9.lSft I
FILTER PACK

( — I I I I

I I LENGTH: I_______ I I I I

I I 12.70 ft J — I I I I I

I I I I I ___ I 'I' I I

I I I I I I f I I

I I I I I I I I I I

I I I I I J
BLANK LENGTH:

I I

I I I I I O.3Oft I

I I I I I I I I

I I I I I ____________ I ___ I

I I I I__________ I I

I FILTER PACK MATERIAL: 8-20 SiLica Sand
I
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APPENDIX C

Well Development Information

[Previous Well Development Information may be found in
Radian (1986) and Radian (1989)]
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APPENDIX D

Water Quality Sampling Records

[Data from Previous Studies may be found in
Radian (1986) and Radian (1989)]
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K. KNOWN N. NORMAL.

-1

LOGT%ME ______________

SAMPLE DEPTH (FT.) JS 5S (57-)

&r-

— COMPLETE _.
LOGGER GE '<"f '
DATE SENT___________________(pV 2) 41.i7i.$ A1L- rt1 r A(','.

—

MPl MHOOMcOO
G. GRM
B- ML
PP. PETALJC PUMP
SL.. SUCflON LIFT PUMP

SAMPLE TYPE

INSTAU.ATION ID ' c -' LOG DATE /'
LOCATION ID 67i —z /

LOT CONTROL. NO.

Iv SAMPLE ID

.—. 1 —/c.':,t 72'

is DETECTION
FiNAL PARAMETER MEASUREMENTS: urr
POTENTIAL OF HYDROGEN pH s.u. / L/ ,'7.g/
SPECIFIC CONDUCTANCE SC Imhos/CftI -
REDOX POTENTIAL Eh mvelts
TEMPERATURE TEMP 'C
ALKAUNITY (CaCO3) ALK mglIL_/1 0

'*t .#e - 32_'1 3'/o '/L-

TIME
TOTAL VOLUME

WITHDRAWN p Sc
Imboslem)

TEMP
I'C) COMMENTS

(AI.S sVBVOIumss/� 0.0 — 0.0 - - - START PUMPiNG

/ ;$.z. (2 2' 7ZC b.'/Q -i
) Z 27 b. ½' 2'2_ 6t3

"

'2ç9 2c0 e. ?1'o bE! °/ "
t2. h e '2 '4. / , "

J''( /.

D—9

PUMP

A.UPT MP
BLADOER PUMP



GROUND WATER OUAUTY SAMPUNG RECORD

PAGE 1

SAMPLES TYP SAD
-.. oupucxrs Fl.

REPLICATE TB -
• SPIKE LB.
- KNOWN N.

MM MHbOt cOD
G-
B- BAILER

PP - PER1STALIC PUMP

SL- SUCTION UFT PUMP

EP- 5Jl&j.5pij1 PUMP
AL. AJR-UFT SAMPLER

EP. BLADOER PUMP

$

INSTAU.ATION ID
-

LOG DATE

LOCAT1ON ID -''-
SAMPLE TYPE '" / SAMPLE 10

LOT CONTROL NO.

LOG TIME /(/S

SAMPLE DEPTH (Fr) 7/93

7Z7/.34'
GROUNDWATER DEPTH (FT) "< '-

SAMPLING PERIOD: START_________________ COMPLETE
SAMPUNG METI0D LOGGER CODE________________

CODE /<',9O,t' DATE SENT '/9/
PRESERVATION METh 4t ,.z 7'-i6, ,41&- ,-zJ ocb,-'1 A-
COMMENTS

DETECTION
PARAMETER MEASUREMENTS: urr

POTENTIAL OF HYDROGEN pH S.U.
SPECIFiC CONDUCTANCE SC MmhO$/Cm /

POTENTIAL Eli mvoits
TEMPERATURE TEMP 'C
ALKAUNITY (CaCO3) ALK mglIc' /9J( fl 'r/. ,e7Ld 7i- i1-Li '

TOTAL VOLUME
WITHDRAWN, pH Imhoslcm

IEMP
('C) COMMENTS

GALS) $ViVo!
0.0 0.0 — — - START PUMPING/(' '2 c Ad,' ,. ZO -r rMu. 7'#b,g/i 7 / 9 - ) // 7/c Z 3'./ "I' //

I

I

!

,

TP
L&B BLAMC

NORMAL



GROUND WATER OUAUTY SAMPUNG RECORD

PAGE 1

INSTAU.ATION ID '' LOG DATE

LOCATION ID

SAMPLE rYPE 4/ SAMPLE ID

LOG TiME

LOT CONTROLNO.

SAMPLE DEPTH (FT.) /?4

INITiAL GROUNDWATER DEPTH (FYI /t2 572
SAMPLING PERIOD: STA9T
SAMPUNG MEtHOD
LAB CODE /<40A/
PRESERVATION METHOD- 7'>
COMMENTS

SAMPLES TYPEL M*ACX)O
D- DUPUCTE B- FiELD BLANK
R- REPUCArE TB. TiEP BLANK
S. SPIKE LB. L*BBL$M(
K. IO'dOWP4 N - NORMAL

SAMPLE MEmbOL (WS&ICOO
G- GMS
B- BALER
PP - PERSTAUC PUMP

SL- SUCTION UFT PUMP

n-il

SP. 11&E PUMP
AL. AIR.uFr SAMPLER

- BLADDER PUMP

/'7.1) 3.s'3ofrf(J)
-

COMPLETE _____________
LOGGER CODE _________________
DATE SENT____________________-

FINAL PARAMETER MEASUREMENTS: DETECT14

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC gmhaslcm
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKAUNITY (CaCO3) ALK mg/I

g. ?/
"

'
TIME

TOTAL VOLUME
—

WITHDRAWN pH (iamhos/cm) COMMENTS
I GALS) Bore Vohim.s

0.0 0.0 - - - START PUMPING
/. P . 2ZO �A'6,M' 77 p37' /,c# //

'c i. 0
-3+' b- 32 cs 1':t 3' ,9- b 't2- '

-- .



SURFACE WATER QUALITY SAMPLING RECORD

INSTAU.A7)ON ID ________ LOG DATE
LOCATiON ID ____________________
SAMPLE TYPE Al SAMPLE ID —

LOG TIME ______

SAMPLE DEPTH (FT.) b. ' tM<S

SAMPUNG PERJOO START pO COMPLETE —
SAMPUNG METHD ( LOGGER CODE
LAB CODE ________________________ DATE SENT —
PRESERVATION METHOD n- Z,o/
COMMENTS '/

AhfA -,i1c7-�

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPEQFIC cOICUCTA N
REDOXPOTEP4TIAL
TEMPERATURE
ALKAUPITY (CaCO3)

Tk( 4

T
pH S.U.
SC
Eh
TEMP
ALK mg/I

INSTALLATiON ID LOG DATE ______
LOCATION ID SD3 -
SAMPLE TYPE SAMPLE ID —

SAMPUNG PERIOD: START O9Z7
• SAMPUNG METhOD

LAB CODE ____________________
PRESERVATION METHOD -

COMMENTS ód

POTENTIAL OF HYDROGEN
SPEWIC CONDUCTA N
REDOXPOTENT1AL
TEMPERATURE
ALKALINITY (CaCO3)

k' 'cet4 Mk L/
SIMPLE TfPES (WSACOO
0. DUPLICATE Fe-
P. REPLICATE TB.
5- SPUCE LB.
K. KNOWN N.

FiELD BLANK

TP BLUE
LAB BLAM(

NORMAL

S*MPLE METHOD& (WSMODE)
G. GRAB

B- SAILER

PP. PERISTAUC PUMP
SI.. SUCflON LIFT PUMP

SP- SUBMERSIBLE PUMP
AL- AiR-LIFT SAMPLER

Be- BLADDER PUMP

LOT CONTROL NO.

DETECTION
UMIT
t2 Dl

jimhos/cm
mvolts
.C

12
9.f

LOT CONTROL NO.

LOG TiME ______

SAMPLE DEPTh (FT.) O.

__________ COMPLETE
LOGGER CODE _______
DATE SENT 9-9o

. /, ( ,,
PARAMETER MEASUREMENTS:

pH S.U.
SC jjmhos/cm

o.cc'

TEMP

DETECTiON
UMIT
t2DJ

mvots

ALK mg/I

123— —
£7.J



SURFACE WATER QUALJTY SAMPLING RECORD

INSTALLATiON 10 ________ LOG DATE ____________ —
LOCATION ID :5(1I: ______
SAMPLE TYPE /' SAMPLE ID ___________ ________

SAMPUNG PERIOD: STbRT COMPLETE t003
SAMPUNG METHQP fr LOGGER CODE ____________________
L.AB CODE _______________________ DATE SENT ________________________
PRESERVATION METHOD '' ' tt:?2' I,7 1/ , ,44i4 -,i4,s
COMMENTS %''i /L zñ aiq-c, ,amii / 414 q , -'A.øII 4 ...�.Zi.tl 1 AI - ? Z '-i'. , a /'dar6 r5. ,, ' - .-' ,,i.,OETEC11ON
PARAMETER MEASUREMENTS: p UMIT
POTENTIAL OF HYDROGEN _________ ______
SPECIFIC COPOUCTAN ___________ /
REDOX POTENTIAL _______
TEMPERATURE _______
ALKAUMTY (CaCO3)

ML --

263 - 243

INSTALLATiON ID _________ LOG DATE — _________ _________________
LOCATION ID ______________________ ____________________
SAMPLE TYPE ___________ SAMPLE ID — _________ __________

SAMPUNG PERIOD: START
• SAMPUNG METHOD ______

LAB CODE ____________
PRESERVATION METHOD —
COMMENTS ___________

POTENTIAL OF HYDROGEN
SPECIFIC COPICUCTAN
REDOX POTENTIAL
TEMPERATURE
ALKALINITY (CaCO3)

COMPLETE
LOGGER CODE
DATE SENT

SAMPLE TPE3: (WSACOOE)

0 - OUPUCATE FE. FiELD BLI.NK
R. REPUCATE TB- TRIP BLAM(
S - SPIKE LB - LAB BLAM(

K. KNOWN N - NORMAL

SAMPLE METhODt (WSMCOOE)

G- GRAB

B- BAILER

PP. PER1STAUC PUMP

SL- SUCT1ON UFT PUMP

D- 13

SP. SUBMERSIBLE PUMP

AL - AIR-LIFT SAMPLER

BP - BLADDER PUMP

LOG TIME
LOT CONTROL NO.

SAMPLE DEPTH FT.) 1c 3.t

pM S.U.
SC jimhos/cm

mvotts
TEMP C
ALK mg/I

- LOG TiME _____________
LOT CONTROL NO. ___________________
________ SAMPLE DEPTH (Fr.)

PARAMETER MEASUREMENTS:

pH
SC
Eh

TEMP

DETECTION
UMIT

S.U.

Mmhos/cm
mvoIts

ALK mg/I



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

NSTAU.A11ON ID LOG DATE

LOCATiON ID / LOT CONTROL NO.

SAMPLE TYPE 'V SAMPLE ID

LOG TIME

SAMPLE DEPTH (FT3 t.� 3a

INITIAL GROUNDWATER DEPTH (FT) _c c'--)
SAMPUNG PERIOD: START_________________ COMPLETE —
SAMPLING METHOD LOGGER CODE______________
LAB CODE /7Mrn-" DATE SENT 4'/ZIA72
PRESERVATION METHOD.

- ' -
COMMENTS -" '' ' ' '' ' 44:

SAMPSTYPO
0- OUPUCATE FS.
R. REPUCATE re.
S. SPlICE .3-
K. KNOWN N-

gmhos/cm
mvolts

MMMHOOD
G- 3MB'
B- BMLER
PP - PERISTAUC PUMP
SI.- SUCTION UFT PUMP

F1PUIL PARAMETER MEASUREMENTS:

POTENTIAL' OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKAUNITY (CaCO3)
,V4/. '*' 0.0 n15/1,.

d9gf(' (.A2 /L

pH S.U.
SC
Eh
TEMP

-4'4

'C

DETECT1C
UM

-/
/2/ 1

ALK mg/I
,7-fk./ 7i i4/ 53 P1

TiME
TOTAL VOLUME

WITHDRAWN PH
SC

(umflo$lCflI)
rEMP COMMENTS

(GALS) $or• Vo$vmss/3 0.0 0.0 — - - START PUMPING

é c 2 3 ?-7 D,- ci/',' -'t T
/?9 -1rP- ,,

Z.ç Z /9 6/- "
tL2 Q / 44 ,ewr y

• ' 7Z',o i

TmP BL
L&B

NORMAL

SP'- SUAIBLE PUMP
AL. JR-UFT SAMPtER
UP- BL$.DDER PUMP



GROUND WATER QUALITY SAMPUNG RECORD

PAGE 1

MP TVP MScOO
0- DUPliCATE Fl.
R. RUCATE TB.
S. SPIKE LB.
K... KNOWN N.

MM MHOC$ME
G- GRAa
B- Jl.ER
p. PIPISTAUC PUMP

Si.- SUCTION L$T PUMP

EP- stir''iii PUMP
IL- AIR-UFT SAMPtEP

- BLADDER PUMP

INSTALLATION ID LOG DATE

LOCATION ID

SAMPLEPE A,' SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (Fr.) IZP2f'

- 7b-J/bZO.i3
INITIAL GROUNDWATER DEPTH (FT)

— "34
SAMPLING PERIOD: START ,'//)f) COMPLETE //�
SAMPLING METHOD LOGGER CODE
LAB CODE DATE SENT_____________
PRESERVATION METh — - "" -'-
COMMENTS "" " "' 'Vk' "6g'C

RPL PARAMETER MEASUREMENTS:
DETECTION

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC umbo s/cm /
REDOX POTENTIAL Lb mvolts
TEMPERATURE TEMP C
ALKAUNITY (CaCO3) ALK mgFI

'9t.r —
;7ii7:-4 784 Ø 7iw- 4/' '2 ''4

TIME
TOTAL VOLUME

WITHDRAWN pH
sc

ImhosIem) MP COMMENTS

(QALS) Bors Vo$vm•s

/(), 0.0 0.0 - - START PUMPING

/'52 ,5 a i'".'
,i-)(/ 32o 6f ,.,/ .3'_ .9/ 37Z72 ",Ji' oa-

-I-3 ;/ j/9 I,

TP
LAB BLAM(
NORMAL

D— 15



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

SAMPLES VfPriISACOOE
D- DUPUCATE F!.
- EPUCATE TB-
S. SPIKE LB.
K. KNOWN N.

RD
TPe
LAB BLANK

NORMAL

SP - SIJBMti'BtF PUMP

AL- MR.UFT SAMPLER
BP - BLADDER PUMP

NSTAU.ATION j t/_- LOG DATE
LOCATION ID

SAMPLE TYPE__________ SAMPLE ID

/5 /,
LOT CONTROL NO.

LOG TIME /

SAMPLE DEPTH (Fr3 2

-, ''
INITiAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: START________________ COMPLETE /
SAMPLING METHOD LOGGER CODE

LAB CODE DATE SENT________________
PRESERVATION METHOD

- - 4 4'.

COMMENTS

APL PARAMETER MEASUREMENTS:
DETECTIOI

POTENTIAL OF HYDROGEN pH S.U. 0 2/
SPECIFIC CONDUCTANCE Sc Mmhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C

ALKALINITY (CaCO3) ALK mg/I
z-;4_ '€4 4i../ cf 'V ,*t.i( j'

TiME
TOTAL VOLUME

WITHDRAWN pH
sc

(mhe$lcm) COMMENTS .

(GALS) br, Vobim•s/} 0.0 0.0 — - - START PUMPING .

/ /. 2 2 Z" 'v ' -,, r
/ ;7 �:. 9Z2- 9c,- /3ti' 1.-1r7-. .

/C 3.o qo et' '
/'vZ 3 . '7 I /3ZZL .3 '7

SAMPLE MHD MOD
G- GRAB

B- 8JL.ER
PD- PtNTAUC PUMP
S- SUCT)ON LWT PUMP



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

SAMPLES TYP SAD
D. DUPUCATE
P. REPUCATE TB.
S. SPIKE LB.
K. IQêOWN N.

TP B
LAB BLAM(
NORMAL

SP- JIMLE PUMP
AL. hJR.u1 SAMPLER
EP. BLADDER PUMP

INSTAU.A110N ID

LOCATION ID

SAMPLE

LOG DATE3'' LOG TIME

LOT CONTROL. NO. -
SAMPLE DEPTH (Fr.) /732T1PE_________ SAMPLE ID

W. / ,,'
INITIAL GROUNDWATER DEPTH (FT) /t Z r-
SAMPLING PERIOD: START /6t2C COMPLETE
SAMPLING METHOD LOGGER CODE_______________
LAB CODE A'i'-' DATE S5NT
PRESERVATION METh ' '/'' - '4" -"-'
COMMENTS

DETECTION
FINAL PARAMETER MEASUREMENTS: UM
POTENTIAL OF HYDROGEN pH S.U. - 'p"
SPECIFIC CONDUCTANCE SC umhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP 'C
ALKALINITY (CaCO3) ALK mg/I-

-i3 %L*éd 7Z377- , -

TIME
TOTAL. VOLUME
WITHDRAWN pH

C
(mhos1em)

TEMP
('C) COMMENTS.

I GALS I Eel. Veft.m.s

/q4 0.0 0.0 - - - START PUMPING

/ / /.', c2, 7q 2 6e 't- �#r
/ / 1 s- - 7,,f6,h,-

i�3- 2� 4/ M5
/O $ / ? 673 ,,/' 2 (f 9 7-9J- "

SAMPLE MHbDS 5MCOO
G- GRAB
B. BAILER
P. PERTAUC pqjt.lp
SL- SUCTION LIFT PUMP

D— 17



GROUND WATER OUAUTY SAMPUNG RECORD

PAGE 1

COMPLETE
LOGGER CODE '"
DATE SENT //7g7-.O71

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
RED OX POTENTIAL
TEMPERATURE
ALKAUNITY (CaCO3)

7rq-i 4- . 4'zc

SAMPLES T M5AO
D. DUPUCATE FE.
R- REPUCATE rn.
S. SPIcE 1.8-
K. KNOWN N.

DETECTIOP
UMr

S.U. ____________ ___
iimhoslcm
my alt $
•C

ALK mg/I

SAMPLE MEfl4O W5MCOO
G- GRAB

B. MILE
PP. PERISTAUC PUMP

SI.. SUCTION LIFT PUMP

SAMPLE TYPE

INSTAU.ATTON ID -'- a"- LOG DATE ' -"-' 4 LOG TIME

LOCATION ID Sr2.V— /P-Z LOT CONTROL NO.___

SAMPLE ID

/(,?t26 67g.-'

SAMPLE DEPTh (FT4 /'P O

INITIAL GROUNDWATER DEPTH (Fl)
SAMPUNG PERIOD: STARI
SAMPUNG METHOD
LAB CODE __________
PRESERVATION METhOD ' '''
COMMENTS ________________________

pH
SC

TEMP

.3 &f/
TIME

TOTAL VOLUME
WITHDRAWN pH

SC
(umhos/cm) COMMENTS,

(GALS) lots Vo$um•s

0.0 0.0 — — — START PUMPING

Y/ °• 4. 2i' qp-l' / e'+c "
3.0 6.q/ ZZ— 65 zi3 /ci 6.91. b2'o bc ,,

ct) . t,, 9zt ''

mao &ANK
TRIF BLANK

LAB BLANK

NORMAL

- 8U4tRa.1E PUMP
AL- MR-UFT SAMPLE

- BLADDER PUMP



GROUND WATER QUALITY SAMPUNG RECORD

PAGE 1

INSTALLATION ID '" LOG DATE

LOCATION ID

SAMPLE TYPE ''' ' SAMPLE ID

SAMPLES TYP MSACOO
0. DUPUCATE FE. FIELD BLANK
R. REPUCATE lB. TP BLANC
S. SPlICE LB. LABBLANK
K . KNOWN N- NORMAL

SAMPl MNOD 5MOO
G- GRAS

B- 9IJLER
pp - PTAUC PUMP

Si.. SUCflON LiFT PUMP

D- 19

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTh (FT) S g7
2/"'," 1

INITIAL GROUNDWATER DEPTH (F?) "'- -'
SAMPUNG PERIOD: START__________________ COMPLETE '''a
SAUPUNG METhOD LOGGER CODE______________
LAB CODE K'9O'" DATE SENT -'
PRESERVATIOMETh

'°- - '2 './7 V-' '4'O -4
COMMENTS iL' 44- wii ,in'1 i-ñ sg/

,4 7'
FiNAL PARAMETER MEASUREMENTS:

DETECTION
UMrr

POTENTIAL OF HYDROGEN pH SU. b '/
SPECIFIC CONDUCTANCE SC iamhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP c
ALKALINITY (C*C03) ALK mg/I'a". 4t'

7Z'7 3,' "/___ 32 _, 352
TIME

TOTAL VOLUME
WITHDRAWN P11 Iumh.slcm)

IEMP
(0) COMMENTS.

(GALS) Boys Vs$wnss

,jZ- 0.0 0.0 - - - START PUMPING

/)ç9 / 2 s b)
/,3/ 2 -, 4/t€T S4'I-/lrt '' Covd

- ,J&3 3. ;- 6 # ó //, #"i I,
/32 6O . é6 MIød4,

5p. SUBUs1E PUMP
AL - MR.UFT SAMPLER

- BLADDER PUMP



GROUND WATER OUAUTY SAMPLING RECORD

PAGE 1

LOT CONTROL NO. ___________________
________ SAMPLE DEPTH (FT.) 2Z -7,./ J

IP4TIAL GROUNDWATER DEPTH (FT) 7_Z a'72—
SAUPUNG PERiOD: START COMPLETE 4'P(2
SAMPUNG MET!100 LOGGER CODE_______________
LAB CODE /(&"-' DATE SENT________________
PRESERVATION METH 4?,t,19 I/L - '7'/ i—. tOi—
COMMENTS

SAMPLES VfPES (WSADE
0- OUPUCATE FI-
R. REPliCATE TB -
S. SPIKE LI-
K- KNOWN N.

SAMPLE METHOO (WSM000E)
G- QRM
B.
PP - PERISTAUC PUMP
5*. - SUCTION IJFT PUMP

DETECTIC
UM

(

2 /

SP. SUIWlB1.E PUMP
AL. AIR-LiFT SAMPLER

- BLADDER PUMP

INSTAU.AT1ON _______ LOG DAlE
LOCATION ID '"- /
SAMPLE TYPE__________ SAMPLE ID

LOG TIME

PUL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH S.U. ___________
SPECIFIC CONDUCTANCE SC umhOs/cm
REDOX POTENTIAL Eh mvoits ___________
TEMPERATURE TEMP 'C ____________
ALKAUNITY (CaCO3) ALK mg/Iara/ i'Z/( -'4 - '"

TIME
TOTAL VOLUME

WITHDRAWN pH (mhos1Csfl)
IEMP
('CI COMMENTS.

I GALS) br. Volum..
//73) 0.0 0.0 — — - START PUMPING

.qz- .i;- (' /La'iv SI'7Z"
t93'' , z ,
, 193 '— 77'

TP B&A
LAB BLM
NORMAL



GROUND WATER OUAUTY SAMPLING RECORD

PAGE 1

SAMPLES TVP M&ADDD
D. DUPLICATE FE.
R. REPLICATE re.
S. SPIKE LB.
K. CNOWN N.

MHD coo
G- ORAB
B- BALER
PP. PERISTAUC PUMP
$.,. SUCflON urr uu
D-21

SP - SJEMr*41E PUMP
N.- MR4JFT SAMPLER
EP- BLADDER PUMP

INSTALLATION ID _______ LOG DATE
LOCATION ID -

SAMPLE TYPE /4/ SAMPLE ID

LOG TIME

LOT CONTROL. NO.

SAMPLE DEPTH (F1.)

72!/.ZT1Z
GROUNDWATER DEPTH (FT)

SAMPUNG PERIOD: STAT COMPLETE
SAMPUNG METJOD '5 LOGGER CODE________________

CODE DATE SENT__________________
PRESERVATION METH ' ,,
COMMENTS

,

DETECTIONPARAMETER MEASUREMENTS: UM
POTENTIAL OF HYDROGEN pH S.U. ' '
SPECIFIC CONDUCTANCE SC JlmhO$/Cm /

POTENTIAL Eh mvolts —
TEMPERATURE TEMP c

-

ALKAUNITY (CaCO3) ALIC mg/I
.'9-Lr. 0Ti 4L'( £4' " .4-' L31'7 i&1f/_
TOTAL VOLUME

WITHDRAWN pH
Sc

(jjmhos/cm)
rw
(C) COMMENTS.

(QALS) Bor• VsIum.s

0.0 0.0 — - - START PUMPiNG

/. el 1'•i2 'Z, .7-,4o
1c,5 f , ,

t3O /jp:: '7 417
/o'q .C 0 6 '/ 4-7--

( /?--1T '/ 7,-1o'
/(2f7 . bt //

TP 8LA
LAB BLU(
NORMN.



GROUND WATER QUALITY SAMPLING RECORD

INSTAU.ATION ID LOG DATE

LOCATION ID 47/—/,1
SAMPLETYPE A/I SAMPLE ID

PAGE 1

/.s'4 '-6T4)
INITIAL GROUNDWATER DEPTH (F?) //'-' rn'- "i:273y73'
SAMPUNG PERIOD: START COMPLETE /frcN
SAUPUNG METHOD _______________ LOGGER OOE "-'
LAB CODE i€'97,4" DATE SENT__________________
PRESERVATION METh ' "c' 4€L Z I
COMMENTS / '," ,z:;;f i-- 1

SAMPLES TY MSAD
0. DUPUCATE
R. REPUCATE TB.
S. SPIKE LB.
K. KNOWN N.

FDTP B
L&B BLMC
NORMAL

DETECT)O
UM
120/
(

. StJSMER1E PUMP
AL. Mm.UPT SAMPLER
P. BLADDER PUMP

LOG TIME ______
LOT CONTROL NO.

SAMPLE DEPTh (FT.) /a/

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFiC CONDUCTANCE
RED OX POTENTIAL
TEMPERATURE
ALKAUNITY (CaCO3.),q

1!?7 f4/frIZ. '9S'c'

pH S.U.
SC
Eli
TEMP

Mmhos/cm
mvolts
.C

ALK mg/I
3�/ 4/4 /fi7di1 ,9e 385

TIME
TOTAL VOLUME

WITHDRAWN pH
sc

(mfloaIcm TM COMMENTS

(GALS) Boys Vo(umss

/c't 0.0 0.0 - - - START PUMPiNG

/ /. i-.m- bf'7 ' ' , t3 -'
/c$7
/�•;-

'ç ,2
6. 1'/9 4t.c

j,q' /e*'i2't a 6 . b i
g6,, Ié4 /3n44 -

/Th /2 O2 2J

SAMPLE MEIH Ot (W$M000E)
0. GRAB
5. BAILER

pp. PMJSTAUC PUMP
S).. JCTION LIFT PUMP



GROUND WATER QUALITY SAMPUNG RECORD

PAGE 1

MMPL TVP
0. DIWUCATE
R• UCA1'E TB-
S- SPBCE LB.
K- I*OWN N..

TP &A
L8 BLUE
NORMAL

P. SU.4P1!1191 PUMP

AL. MR-UF! SAMPt
BP- BLAXE PUMP

INSTAU.ATIONID '' LOG DATE

LOCATIONID

SAMPLE TYPE '' - '' SAMPLE 3D

LOT CONTROL NO.

LOGTIME ______

SAMPLE DEPTH (F-r3

'6' - / 1-
GROUNDWATER DEPTH (FT) '''-. "•' "_7

SAMPUNG PERiOD: START________________ COMPLETE -'"
SAMPUNG METHOD " LOGGER CODE -'

CODE DATE SENT
PRESERVATION METH1 - '' ""
COMMENTS ''' " '- i-P't -AiL-' / '1— 1C X'

PARAMETER MEASUREMENTS:
DETTu?

POTENTIAL OF HYDROGEN s.u.
SPECIFIC CONDUCTANCE Sc UmhO$/Cm /

POTENTIAL Eh mvoitl —

TEMPERATURE TEMP .0
ALKAUNITY (CaCO3) ALK mg/I

7',/tit' '9-
•. 1t-'I" L ') -Lf/ ''_ 77- " ,_; '' '-''

TOTAL VOLUME
WITHDRAWN pH

Sc
(jmhosIcm) COMMENTS

(GALS) Is'. Vssu.s
0.0 0.0 — — — START PUMPING

/
1_____e-

/ff i.ri' 't,' f(_:./ /, 7 7947
'

/ "
/,.-4/ /C //

c-.. � '
L i-'.- 'i

—,
-' 3-- -1(

-, -4 )
T

2/t',Q-Zi•' '> 7
—

-.

.-, ,-'/ .-.'

/.4T/ -r-'-
') ,/

•-/e-'-

G- GA$'
B- M1L
p$. P$TMJC PUMP
SL- SUCI1ON LT PUMP
D— 23



GROUND WATER OUAUTY SAMPUNG_RECORD
PAGE 1

INSTALLATION ID '-"-- LOG DATE

LOCATION ID )
SAMPL.E TYPE "i" 413 A1 SAMPLE ID

INITIAL GROUPØWATER DEPTH (FT) A'77
SAUPUNG PERIOD: START /"
SAMPUNG METHOD /
LAB CODE __________
PRESERVATION UETH- '
COMMENTS __________________

SAMPLE DEPTH (FT4 4O

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFiC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKAUNITY (CaCO3)tk -o•

JIQc4

DETECTIC
LIMIT

S.u. -- _____
iimhos/cm
mvolts _____________ _______
.C _________ _O.,

MMPL T
0. OUPUCATE Fe.
R. REPLICATE

S. SP!KE LB.
K. lO4OWN N.

SAMPLE MEOOSOO
G- GPA$
B- BAILER

PP - PER4TAUC PUMP

SI- - SUCTION LFT PUMP

SP. StJBM-1E PUMP

AL- AJN-urr SAMPLER

UP - BLADDER PUMP

LOT CONTROL NO.

LOG TIME /7//)/)

7 /2 '2 &Z- i'-Q)
______________________ 3 '4#

COMPLETE /ç4d1
LOGGER CODE '""
DATE SENT________________—e ,$4 — ,P,4/, ,4/I4 4

pH
SC
Eh
TEMP
AIX mg/I

/

TIME
TOTAL VOLUME

WITI4DRAWN pH (igmI,.slem) COMMENTS

(GALS) soy. V$Iii*ss

/2t 0.0 0.0 - - - START PUMPING

/-' 66t. // 77ZC
—

<S i'/'t' .�/fr#7Z'f jJc,' ,'..4,/b�"" 2'.� f1 //4' "
3. a //? I,

TP SLUM
LB BL
NORMAL



GROUND WATER OUAUTY SAMPLING RECORD

PAGE 1

MMPLU TVP
0- DUPLICATE F- FI.D.ANIC

- UCATE II. TPJP SLAMC
S. SPIKE I.E. LAI.ANK
K. IO4OWN II. NORMAL

MM MHO 5M
G- GRA$
B- SALER
PP. PESTAUC PUMP

- SUCflON I.FI. PUMP
D— 25

- s.mM -i1 PUMP
*4.- MN.UFT SAMPLER

!P- BLADCER PUMP

IP4STAU.ATION ip LOG DATE

LOCATION ID (' i.or CONTROL NO.

SAMPLE TYPE V' ' ?) SAMPLE ID

LOG TIME

SAMPLE DEPTH

77. /Z.i' 5' &2 '5m'i2
INITIAL GROUNDWATER DEPTH (FT) '-- -"qç',-
SAMPLING PERIOD:

START
COMPLETE /z1)

SAMPLING METHOD LOGGER CODE
LAB CODE DATE SENT_________________
PRESERVATION METh' ' '' - L.O 2: -
COMMENTS

DETECTIO:
RNAL PARAMETER MEASUREMENTS: UNIT
POTENTIAL OF HYDROGEN pH s.u.
SPECIFIC CONDUCTANCE SC Mmhos/cm /
RED OX POTENTIAL Eh mvoIts —
TEMPERATURE TEMP C
ALKALINITY (C&C03) ALK mg/I.0i 7LPI ?? 9/ '/ /j9 '

TIME
TOTAL VOLUME
WITHDRAWN pH

$
umhoslem)

IEMP,
(C) COMMENTS

(QALS) Ion VOIum•s

/.vC 0.0 0.0 - - - START PUMPING

''— / i'f'o'
//-c( ,35z./ "
//.ç3 t;t I'
,çç /,. 4.7', "



GROUND WATER OUAUTY SAMPUNG RECORD

PAGE 1

INSTALLATiON ID LOG DATE - / LOG TiME (7 'IS
LOCATiON ID ______________________ LOT CONTROL NO.
SAMPLE TYPE __________ SAMPLE ID SAMPLE DEPTH (FT.) I ' 6

/ T Z-02 8TC (.�øvA.
INITIAL 3ROUPCWATER DEPTH (FT) 11.2(1' Bra-
SAMPLING PERIOD: START COMPLETE
SAMPLING METHOD LOGGER CODE
LAB CODE DATE SENT 3 -
PRESERVATION METhOD C 1-

COMMENTS ''-' (. 3' 3rrvu-i

FiNAL PARAMETER MEASUREMENTS:
DETECTIO"

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC umhos/cm ''' /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C '-'
ALKALINITY (CaCO3) ALK mg/I

TIME
TOTAL VOLUME

WITHDRAWN pH

-

SC
(umhos/em)

- -

.
COMMENTS

I

START PUMPING
(GALS)

0.0
Bor• Veluffiss

0.0iz .( -7� 739 C?c &3 CLcLO'' Ec- 7 t/Ra,i'(a. Si.T-/ )•.3 2zS 7.7$ c7cO CfAL: Zt ?'-L
i.,1-/'4- 3.o 729 c7ô ?3mnF ct' u-L •

SAMPLES rfPES (WSACODE) SAMPLE METhODS (WSMCODE)
3 - DUPUCATE FB- FIELD BLANK G - GRAB SP- SUBMEI2L.E PUMP
- REPUCATE TB- TRIP BLAM( B- BAU.ER AL- AIR-UFT SAMPLER
S. SPIKE LB. LAB 5Jj.JJ( pp. PEPJS7AJC PUMP Be. 5aØEp PUMP
K. KNOWN N. NORMAL SL- SUCflON LFT PUMP



APPENDIX E

Survey Data
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HYWCEOLOCZC INVESTZCI TZO,N
C4RSII€14. AIR FORCE 84SE

FORT WQTH, 7EXtS

Texu State Plane Coaraln.te and Elevation
of

Test NLLs,
Soil Cu Probes and

S*11nç Points

s4øtiZ 8, 1988

II BRIrnIN & (RAWPt)RD
LAND SURVEYING &

1 TOPOGRAPHIC MAPPING

(Si?) 529-0211 .MIQO 429.5112
E 3 o. Boa 11374 • 300S Souffi Fc.sw.y

Foil WoiTh. T.ias 7S1 10



ExI5TIt WEL.L SITES

N4J.4R t1jRTH
sly—

EAST
'lx',

ELEVATION OF
TOP OF P.V.C.

54 (109)
58 (90)
SC (204)
50 (103)
5E (210)
5F• (94)
50 (88)
5H (89)

398,061.75689
398,520.35788
398,339 .27594
398,362.32313
397,802.46440
397,904.642.36
398,174.57747
398,351.69445

2,019, 782.72497
2.020,283.72459
2,020,136.97152
2,019,960.29729
2,019, 748.19597
2,020,535.56245
2,070,894.69337
2,020,546.91832

623.28
60(3.45

608 .68
611.71
626.89
618.95
615.39
620.62

626.70
624.46
617.24

619.4
597.4
606.8
608.5
623.9
619.4
6.12 .0

608.4

624.2
621.1
615.4
623.33
622.52
621.47

ELEVATION OF N4TUR.
GROUND AT €LL

566.9
567.1
560.0

625.5
615.5

566.5
560.49 (ASP)
560.31 (ASP)
560.5
559.4
559.5

855
855
855
855

4(45)
8(34)
C(36)
0(38)

402,068.84.192
402,390.17981
402,254.07567
402,428.08908

2,024,357.78905
2,024,331.93158
2,024,565.70484
2,024,487.37097

566.38
569.73
559.57
561.45

P1
P2

(221)
(96)

397,712.30601
397,542.85438

2,029,695.24307
2,020,627.90845

•628.58
•618.78

19
18
IC
20
IL
IF

(131)
(232)
(234)
(137)
(135)
(136)

40Z,089.90010
402,268.84868
401,032.46237
400,852.84768
401,273.20809
402,002.55061

2,025,228.18992
2,025,291.289
2,025 ,482.0.L 757
2,025,642.78693
2,025,407.53205
2,025,607.46316

570.27
560.25
560.0.0

563.33
562.25
562.26

34
38
3C
30
JE

(121)
(118)
(117)
(120)
(219)

398,360.53325
398,345.88397
397,832.27206
398,698.96292
398,358.43082

2,0.17,786.72397
2,028,291.94176
2,028,292.28878
2,017,477.4042.5
2,029,005.28691

625.25

(33.47
633.84
635.39
621.6
622.87

44
48
4C
40
46
4F
40
4b

(129)
(130)
(98)
(97)
(95)
(93)
(100)
(99)

396,920.99434
396,940.34767
397,2.17.02642
397,446.17694
397,651.22948
397,680.42416
397,836.73039
397,541.43725

.

2,020,042.19064
2,020,463.63663
2,020,785.31555
2,020,610.982 75
2,020,607.562.31
2,020,255.75892
2,020,857.61303
2,020,916.84923

625.76
619.90
613.04
615.35
628.54
625.36
620.02
613.43

624.6
628.4
620.9
623.2
617.5
622.8
619.1
620.5

109 (108) 397,913.30549 2,020,009.97063
208 (92) 397,899.01251 2,020,243.06886
IOC (91) 398,297.02603 2,020,267.33493
100 (107) 397,857.53638 2,020,078 .59020
IDE (106) 397,896.37924 2,020,247.65 721
lOP (105) 397,946.08160 2,020,196.29956

114 (101) 398,941.02097 2,020,086.99390 608.22 604.8
118 (102) 398,653.41765 2,020,136.885 70 608.14 603.

124 (124) 397,275.89292 2.019,636.222 69 635.66 632.0
228 (123) 397,333.41742 2,019,895.65480 627.55 625.6
I2C (125) 397,213.82758 2,019,368.84527 628.05 625.5
220 (112) 397,511.40056 2,019.943.01512 627.45 624.8
12E (124) 397,324.25035 2,020,019.35440 627.48 624.5
120 (127) 397,122.26499 2,019,819.73011 629.22
12H (126) 397,175.34773 2,019,813.89486 629.06
121 (125) 397,231.20475 2,019,814.9 7473 269.15
12.3 (128) 397,175.26975 2,019,858 .53625 628.66
12K (216) 397,222.63773 2,019,904.66442 626.74
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PaQe 2
NLJ.fP RTH EAST ELEVATION OF TOP ELEVATION OF NATURAL

NXP P.V.C. PZF GRO(J0 AT EL.L

154 (149) 400,123.22038 2,025,232.61342 570.24 570.7
138 (148) 399,906.57343 2,025.252.78758 567.12 564.2
15C (144) 399,884.41824 2,025,168.58843 566.89 564.3

171 (75) 400,225.13342 2,023,849.67063 578.19 575.2
17.J (56) 400,362.97881 2,023,809.58530 579.79 577.0
17K (72) 400,193.17235 2,024,001.90555 575.34 573.8
17L (61) 400,394.21647 2,023,966.04349 577.27 574.4
17M (65) 400,380.91204 2,024,264.07312 574.28 572.6

EL2.S P1 & P2 - TJ€ ELEVATIONS S.GWN ARE THE ?OP OF
THE OPERA TOP NUT.
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HYDROGEOLOGIC INVESTIGATION
CARSWELL AIR FORCE BASE

FORT WORTH, TEXAS

Texas State Plane Coordinate and Elevation
of

Test Wells,
Soil Gas Probes and

Sampling Points

July 10, 1990

1 BEJT1LI & ORAWFORD
LANP SURVEYING &L TOOGRAPHIC MAPING

tim 125.021 - Mitfo 429.5112
E—6 p.o. lu • 190* South ,.sway

Pc.lWo i7$11O



SITE ST14

SURFACE WATER SAMPLES

NUMBER

5013—Si
SD13—S2
soi 3—s 3
SD].3—S4

NORTH "Y"

399,722.7878
399,729.5605
399,747 .0566
399,757.2157

2,025,153.1150
2,025,176.1395
2,025,235.6200
2,025,270.1565

WATER
ELEVATION

551.64
551.14
549.72
548 .95

NUMBER TYPE NORTH "Y" EAS.T "X" ELEVATION ELEVATiON
TOP OF PVC NATURAL

GROUND AT
WELL/BORE

ST14—01 WELL 399,886.0854 2,024,309.3181 575.89 - 573.2
ST14—02 WELL 400,102.4353 2,024,311.8094 575.64 572.7
ST14—03 WELL 400,672.3650 2,024,116.0939 576.72 574.83 ASP
ST14—04 WELL 400,231.5326 2,024,566.4807 575.74 572.9

SITE S013

NUMBER TYPE NORTH Ny EAST X ELEVATION
TOP OF PVC

ELEVATION
NATURAL
GROUND AT
WELL! BORE

SD13—01 WELL 399,964.3693 2,024,842.2218 573.24 570.3
SD13—02 WELL 400,058.5313 2,024,974.4094 573.39 570.64 ASP
SD13—03 WELL 399,934.0917 2,024,919.8140 571.54 568.6
SD13—04 WELL 399,931.9664 2,024,992.0174 569.24 566.81 ASP

EAST "X.
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APPENDIX F

Defense Priority Model Worksheets
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Site id.ntficatoci: Site SDI3 — Unnamed Stream and Abandoned Gasoline Station

SuRFACE WAitE PATHWAYS
Product Max.

(crc.. (score x

3bserved eaases On.) mulL)

Have contaminants b..n detected Lfl surface war.•r? 0 100 1 100 100
if yes, sss score of 100 and proceed to 10.

If no, assiz, score of 0 and proceed to 2.

Pathway charict.erst..cs

2. Distance to n..r.st surface watar 0 1 2 3 4 _______ 12

3. Net pr.cptaton 0 1 2 3 ______ 3

' Surface .roson pot.antaJ.. 0 1 2 3 4 _______ 12

5. RanfaU. int.naty 0 1 2 3 4 _______ 12

5. Surface p..a.Lity 0 1 2 3 3 ______ 9

Su of ita 2 th.rougk, 6 _______ 48

5. Nozmaled score (ltiply te 7 x 100/48)

, F1oothn por.ant..a1 0 1 2 3 8 ______ 24

11 Adjustad pathways score
If item 1 s 100, .nt.r 100. If item 1 s 0, ant.r

of items 8 and 9. If sum .xceeds 100, .nt.r 100. 11)1)

11. WSItS containment effectiveness factar TaL. 2) 1.0

12. Final score for surface water pathways (multiplY item 10 x item 11) 100

Ot?S ON STJRPAC! WAT PATHWAYS

Known discharges from oil/water separator. No containment/treatment.
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Site ostfjCat: SD13 — Unnamed Stream and Abandoned Gasoline Station

?ATEWAYS

Score MaLt.v1ier ?roduct Max.

(c.rciu (acer. x

Cbservec rel.as.s OTIS)

: Save contnant.a b..n detected in groundwetsr? 0 100 1 100
If yes, asagt acer. of 100 and proc..d to 20.
If no, assn seer, of 0 axd proceed to 14.

?athwav arscterstcs

Depth to high groundwater fr baa. of

wat.e or contnat.d zone 0 1 2 3 9 _______ 27

Pereah.j..ty of the unsaturated zone 0 1 2 3 5 _______ 15

6. Infi1tratori pot.nt.a1 0 1 2 3 5 ______ 15

:7 S of ts 14 throug.n 16 _______

.5. Norazed acer. (u.Ltp1y 17 x 100157)

- Pot.nt.a1 for dscr.t. f.atur.s n the unsaturated
zon. to "short—eLrctut" the pathway to the water
table 0123

20. Adjusted pathway, score. If it 13 is 100. enter 100.
If it 13 ii 0, anter s o item 18 and 19.
If a exeseds 100, enter 100.

21. Waste contai.nt eff.etveness factor (Table 5) 1 fl

22. Final score for groundwater p.thweya (nultiply 20 x 21) 1 flfl

S ON Ot3DWAT PATHWYZ

Known contamination in ground water. No containment/treatment.
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Zt.e entiflc•tiort: SDI3 — Unnamed Stream arid Abandoned Gasoline Station

::NTAMINA)rr MALARD -- SFACE WAT

:r contaminants kiev. b.en detected in rurfacs water (score of 100 in item 1). cnpletS items 23 thrOugh 28. is
cOntaminants have not b..n d.t.ct.d (score of 0 in item 1). csplete it.sss 29 through 32. Attach Hazard Worksh..t or List
:f contaminants, as appropriate.

Result Logarithm

(cirel. (base 10)

on.)

Sum of human heaLth hazard quotients (fr coli 10 of Hazard 7.4x106 6.9
Worksh..t)

2'. Human health hazard score 0 1 2

25 Nonnaliz.d human h.alth hazard score (multiply item 24 x 100/6) _______

25. Sum of ecological hazard quotients (enter the larger of the su of
co1ui 11 or 12 of Hazard Worksheet) 67.8 1 .8

:7 Scological hazard score 0 1 2 356
25 Normalized ecological hazard scor. (multiply item 27 x 100/6) 66.7

29. Maxiaim human h.alth hazard index 0 1 2 3 "
5 6 7 8 9 Comtemznant: ________________

3 Normalized human health hazard score (multiply item 29 x 100/9) _______

3. Maximum ecological hazard index 0 1 2 4 6 Cciitinant: ________________

32. Normalized ecological hazard score (multiply item 31 x 100/6)

:3NTAMINANT HAZARD - - GROU?W.'AT

:f contaminants hive been detected in groumdwater (score of 100 in item 13), complete iteem 33 through 38. If conteminanis
sve not Deen detected (score of 0 in item 13), complete items 39 through 42. AttaCh Hazard Worksheet or list of
::ntaminants. as appropriate.

33 Sum of human health hazard quotients (from colistzi 10 of Hazard 4 7x107 7 7
.orkshest) _______ _______

3- ft.'oan health hazard score 0 1 2 4

35. Normajized human health hazard score (multiply item 34 x 100/6)
100

35 Sum of ecological hazard quotients (enter the Larger of the suma of 113 4 2 1
cc.uon 11 or 12 of Hazard Worksheet) _______

37 Ecological hazard score 0 1 2 3

833
35 Normalized ecological hazard score (multiply item 3? x 100/6) _______

39 Maximum human health hazard index 0 1 2 3 4
5 6 7 8 9 Contaminant: _________________

.. ormalized human health hszard score (multiply item 39 x 100/9)

Maximum ecological hazard index 0 1 2 4 6 Contaminaflt _________________

-2. Normalized ecological hazard score (multiply item 41 x 100/6)
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Site dent cation Site SD13 — Unnamed Stream and Abandoned Gasoline Station

3 ?nut.on that oDt.ains druking water from pot.entaUy affected
sriace w.t.r body(i.s) wxthj.n 3 aj1es (4.8 ) downItr.

. Water use of nearest surface water body(s.)

45. Popu1aton within 1000 ft (305 ) of the sit..

46, Dstanc. to the nearest nst.aJ.Lst.on bedary

.and us. and/or zoning w,.thin 1 il. (1.6 km) of the sit.
46, $.cc of te 43 through 47

2aE.!
(circle

one)

Multinlier Product
(score X
mu.Lt.)

Max.

!9!

012&

012 3 9

012 i 3 3

012 1 3 3

012Q 1 3 3

27 27

EOOGICA RCEPS -- S1.7ACZ WAT PATWAYS

Sc.

51.

:rnport5nce/sensit.ivity of biotaIbait.at.a in potentially affected
suriace water bodies nearest the site

Presence of crtical envrorent.s' within 1 i.le (1.6 km) of the

sit.s

0 l3

3

5

1

10

0

15

3

52. Suc of item 50 d 51 10 18

53. Final scor, for ecological receptors on surface water pathways

(multiply i.t 52 x 100/18)
55.6

(UMAN HALTE R EPTORS -- SURPA WA PATHWAY

.. Fria2. score for hten health receptors on surface water pathway.
100nuitiply 48 x 100/27)

CNT$ ON SURFAcE WAT RECEPTORS
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0te ient.iicatiori: Site SDI3 — Unnamed Stream and Abandoned Gasoline Station

UtN MLtL.T8 REPTS -- GROUNATD( PATBWAY
Multrolier P.oduct. Max

(circle (score x
one)

54. stimat.d eext gromdwster travel time fr currant waste location to (31 2 3 9 0 27

nearest downgrathent water supply well(s)

55. Estimated mean gromdwater trav.l time fr currant waits Location to 0 1 2 15 15

any downgradisnt surface water body that supp.)sss wat.r for dmnsstic
use or for food chain agriculture

56. romdwater use of the uppezost aquifer 0 1 3 8

5' Poulation potentialLy at risk f: groi.gzawet.r contamination B 9 12 27
18

24 36

Se Population within 1000 ft (305 m) of the lit.. 0 1 2( 1 3 3

5. D.startca to the nearest i.nst&l.Lation boi.gdary 0 1 2 3 3

60. S of tama 54 through 59 56 96

5:. fl.nal scors for nan heai.th receptors on grodwat..r pathways
(Lt&ply item 60 x 100/96) 58.3

.QCICAL RPTZ -- COUNIMATZR PATBWAYS

62. Estimated mean gromdwat.er travel time fr current waste location to 0 1 2Q 3 ______ 9
any dawngradiant hsit.at or natural area

63. Import.ance/senaitivity of downgradient biot.a/haitata that ar. 0 1 )3 3 6 9

confirmed or suap.ct.d groundwater diacharg. points

5. ?rus.nc. of "critical •nvLranm.nts' within 1 cii. (1.6 km) of the 1
0

site

65. Sc of items 52 through 15 21

56. F.naJ. score for ecological receptors on grotmdwat.r pathways 71.4

muitiply item 65 x 100/21)

ONT$ ON GROU1DWAT 9IPTORS (attach additional pages if needed)

54. Ground—water flow towards Farmers Branch nearest well is on opposite side,

thus no flow towards well.
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£te ent.ficato: Site SD13 — Unnamed Stream and

SOR1G SU?1ARY SET

Abandoned Gasoline Station

S Surtac. wat..r/hti h.aLth coors,

5. Sufac. wat..r/ecoLo&3ca1 scar.,

5 GrotCwat.r/hua,ri health scores

7C Gratiridwe..r/eco.ogica1 scars,

Pathways score

100
tsm 12

100 x
.tem 12

100
item 22

100
item 22

Cont.em.nant
hazard score Iec.tors score

100 _______ 1 /10,000 —

.tem Z5/30 item 49

66.7 x j5.6 1 /10.000 —

item 28/32 item 53

100 58.3
1 /10.000 —

item 35/40 item 61

83.3 x 71.4 ) /10.000
item 38142 item 66

Over.j1 score.

100.0 ::
37.1

58.3

59.5

2V&.LL ZflE ScOR:

inn x 5 + 71 )2 + ( R• )2 x + Q rZ 71,911.1
item 67 item 68 item 69 item 70

72. OveraLL site score — 71,911. 3.464 =20,759.6
item 71
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St Site ST14 — POL Tank Farm

JR1ACE WAT PATEWAYS
ti1tiLie; ?:oduct Max.

(cir:.. (scOre x
b.rv.d r.l.es.s On•) mult.)

Nay. contaminants b.en datsct.d in surface water? 0 100 3 0 100
f y.s, ssai soot. of 100 and proc..d to item 10.

If no, azsi;n acor. of 0 and proc..d to it 2.

?athwey characteristics

D.atenc. to n.ar.et surfac. watar 0 1 3 8 12

3. Nat precipitation 1 2 3 0

4 Surface erosion potential 02 3 4 4 12

Rainfall intenaity 0 1 2 12 12

5. Surface pcm.abij.ity 0 1Q3 6

Su of i team 2 through 6 30

S NotmaLizid score (.alt.iply item 7 x 10014$) 62.5
9. Flooding poi.ntial 1 2 3 8 _______ 24

:0, Adust.d pathways score
If item 1 is 100, .ntsr 100. If item 1 is 0, enters of items 8 and 9. If s axca.ds 100. enter 100. 62.5

:1. Waste cont.aient eff.ctiv.n.as factor (Ta1.. 2) 0.1
2. Final score for suxfac. w.t.r pataya (multiply item 10 x ii. 6 .3

c8TS ON SURPACZ WAT. PATBWAYS

11. Tanks are in excellent condition.
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S.t. dsnti:aton: Site ST14 — POL Tank Farm

JAT PATTh&Y$

S.2L! MuLtoLgr Prodtact MaX.

(c.rc1s score x

observed rel.as.s one) i1t.)

:3. Bay. contznt,s been detected .n grounw.t..r? 0 100 100
f yes, asss scor, of 100 and proceed to 20.

:f no. azs.gn score of C and proceec to 14.

?athwev char.cieri.st.cs

1. Depth to s..sa.1 hgb ;rodwater L: b.c. Cf
waite or contj.nat.d zoo. 0 1 2 3 9 _______ 27

: ?er..abi.Lity of the msaturat.d zone 0 1 2 3 5 _______ 15

16. Infiltratzon .utz&1. 0 1 2 3 15

:7 S of 14 throun 16 57

13. Ncrz.d score (itp1y tt 17 x 100/57)

19, Pott.sJ. for d.acr.te Lectures the msaturat..d
zone to short-crcut the pathwey to the water
table 0123 5

20. Adjusted patbwas score. :f 13 s 100, oter 100.
If it 13 is 0, ter st of it. 18 d 19.
If s esc..d.a 100, enter. 100. 100

21. Wait. contaiint eff.ctzv.n.ss factor ('rabl. 5) 1.0
22. F.naJ. scor, for grodwat.r psthws7s (multiply 20 x zt 21) 100

TS ON flWW&f PATA!S

13. Ground water contamination detected.

F— 10



:e entification: Site SDI4 — POL Tank Farm

:::TA.MNA MALAD -- SYAE WAT

:aminsnts have b.en detict.ed in surface w.t.r (score of 100 in it. 1), ciiplets its 23 through 28. If
:crtsminants hay, not been u.t.cted (scor. of 0 in it fl. cpl.t. it.s 29 throus.t 32. Attach Razard Workah..t. or List.

cont&ninaxlts. as appropriate

Rju.Lt Loa.rit
(baa. 10)

On.)

S. of hzen h.alth hazard quotients (fr coli. 10 of Eazard
.orxsh.et)

....m5n health hazard score 0 1 2 4 6

ormaLiz•d hten health hazard score (.altip1y it. 24 x 100/6)

Su.i of ecological hazard quotients (enter the larger of the s ofciu 11 or 12 of liazard Worksh..t>

E:c..ogical hazard score 0 1 2 3
456

Normaj.iz.d ecological hazard score (i.tiply item 27 x 100/6) _______

Maximum human health hazard ind•x 0 1 2 3
5 6 7 8 9 otansnt: manganese

Ncra1iz.d ht health hazard score (multiply item 29 x 100/9) 44.4

Maxim ecological hazard index 0 1 206 Ct,in.ant: lead

32. Normaliz.d ecological hazard score (multiply jt 31 x 100/6) 66.7

::NTAMINAir RAZ.ARD -- GROUNAT

have been detected in gredwater (scor, of 100 in item 13) complete iteem 33 through 38. If cont.emulants
av. rct .en detected (scor. of C in item 13), csplet. items 39 through 42. Attach Eazard Worksheet or list of
:tao.inants, as appropriate.

Sii of h.a8en health hazard quotients (from coli.em 10 of Hazard
orxsheet) 1.7x10 7.2
ar realth hazar score 0 1 2 4 6a-

. crmaiized hzen health hazard score (multiply item 34 x 100/6) 100

of ecological hazard quotients (enter the larger of the ea of
. or 12 of Razard Workshe.t) 86.1 1.9

IcLogical hazard score 0 1 2 356
Ncali:ed ecological hazard score (multiply item 37 x 100/6) 66..L_

Maximum human health hazard index 0 1 2 3 4

5 6 7 8 9 Oootaminsflt: ________________

- ma.ized hen health hazard score (multiply item 39 x 100/9)

-. ecological hazard index 0 1 2 4 6 Conteminant: ________________

-2 4crmalized ecological hazard score (multiply item 41 x 10016)

F—li



Mltili.r Product Max.

(c.rcL. (scor. X Lç21!

3 7QDuiat4Ofl that obtE.n. drnkri wat..: fr per..nt.aU.y aif.ct.d
s.irfac. wat.r ody(.a) 3 il.a (4.8 ) d0wnatr.

wat•r us. of n.ar.at. aurfac. watar body(.a)

Fopu..at..an witb.tn 1000 ft (305 ) of th. a't.

-6. D.stsncs to th. n.ar.at. i.nzt&Llat.iari oi'idarj

.7 ..a us and/er zoi.tn witun 1 i.il. (1.5 ) of h. st.i
Suri of its 43 throuti 47

..9 Fn.. scar, for han h.alth r.c.ptcrs on aurfac. wat.: pathways
nu.t.ply 48 x 100/27)

ECi.CGIA. RZPT3 — WAT ?ATAYS

53 Irnpcrtanc./asnsitvity of biota/hatata .n
surfac. wat.r both.. nsa.r.at th. itt..

pot.ni.aLly afi.ct.d 0 103 10

51.

52.

Pr.a.nc. of crtcal .nv,.rorts wthjri 1 m.L. (1.6
sit.

Su ofit 50 id 51

km) of th. 3 1 U

10

3

18

3. Final scars for ecological r.c.ptors on surfac. watr pathways
(mu.LtJ.pi.y 52 x 100/18) -

3k:. a.nt.fi:ation: Site SD14 — POL Tank Farm

MAN HZA1.H R!FFS SUR.FA WATU PA3WAY

0 1 2

0 1 2

0 1

O 13
0 1

3 9 9

3 9 9

1 3 3

1 2

1 3

26 27

96.a

:tNrS N SUFAI WA R

F— 12



•ntif.cat.ian: Site SDI4 — POL Tank Farm

&a1tiUer Pijc Max
(c.rc1. (score x .2U

on.) nut.)

54 - Esta.at.d .an grow water traveL t. fr cu.rr.nt wasri Location to ________
n.arszt downgrathsnt weter suppLy will(s)

55 Estiat.d seZu $rodwst.r travel tiae fr current wait.. Location to _______
any d rad.iant surface wet..: body that. suppJ..i.s wet.: for dnsatic
use or for food eh.ixu agri:i.u.Ltu,r.

56. Groudwat..r us. of the upp.ost aqu.ier

57 Population pet.ntially at risk f: groi.rtdwat.r continatu.an _______

58. Pop stion within 1000 ft (305 ) of the sits _______

59. Dst.anc. to the n.ar.st instllat.ion betgudary

60 $ of tts 54 through 59 _______

61. F.nal score for han health receptors on growdwater pathways
(.tiply item 60 x 100/96) ______

EC3LCGIOAL RPTS -- GBOWIAT PAThWAYS

62. Estiat.d ..n grour2dw.t.r travel tie. fr currsnt waste location to _______
any dosmgradiut haiZ.at or natural are.

63. Lperianc./e.nhittvtty of downgrad.nt biota/h.Mtata that are _______
confied or suspected groundwater discharge points

64. Presence of "crtt.ical. environments wjth.in 1 iLs (1.6 km) of the ______

ON O1WWT RZPTORS (attach add.tticna.1. pages if n.ed.d)

55. Ground water flow is 0.2 ft/day. 1,000 ft to surface water 13.9 years.

F— 13

HUMJJl HIALTE RZ?f -- GROUNL%4ATU PAThWAY

1 2 3

0 103

0

0 6 9 12
18

24 36

0 1

0 13

27

15

12

36

3

3

96

0

10

8

27

___
2

50

52.1

0 .1

0 13

S

5. S of ita 52 through 64
66. F.nai score for •coiogical receptors on grorudwatur pathways

(emiltiply .tem 65 x 100/21(

9.

9

3

3 9

6
3 ___________

1
0

15

71.4



ZVA. SITE SCORE

2.7 + (2.34 (2 + (52.1 )2 x 5 + (_47.6)2 . 15,879.76
67 t..m 68 69 u.s 70

72. v.rsU. st. sccre — 117S.7/ 3.464 = ______
i.t.s 71

F— 14

Overall 3c0r•

2.7

2 34

52.1

47.6

1CfltfiCIt1t Site SD14 — POL Tank Farm

s:QF.ING SU*iARY ST

57 SurLac. w .r/hi k..Lth acores

55 Surface watsr/uco.ogca).. acer..

5 roidw.t.rIhi h.a.th scor•s

C Gromwat.sr/.co1ogicaL scores

x

Pathways score

6.3
.s 12
6.3
.t.s 12

100t.s 22

100t.s 22

x

x

x

Ct.s.nant
hez.r score ?eCetOrS score

44.4 96.3 I10.000
itus 25/30 .tus 49

66.7 55.6 ) /10.000 —

ut.s 28/32 .t.s 3
100 x 52.1 o,ooo —

ius 35/40 utus 61

66.7 x 71.4 ) /10,000
tus 38/42 .tus 66



3te id.ntfjcat0a: Site ESS — Base Service Station

suRrAcr w1r ?ATRW.AYS
tiLttoLer odct Mix.

(c.rc..s (ice:. x
3b3.rv. r.ls.s.s on. u.Lt.

Hay. c0t.anaat.s b.n d.t..ct..d .n •uzfac. w.t..r? 0 200 _______ 1002 r.s, assLga scor. of 100 .ad procs.d to 20.
If no, aaain ace:, of 0 and proe.. t.c tt 2.

thwev char.ct.rstcs

2. Dstacs to n.ar..t lurfac. wit.: 0 2 2 12 12

Nat pr.cipttat.ort 1 2 3 1 0

4 Surface .roso pot.ntai. 0&2 3 . 4

0 RanjaU int.n*.ty 0 2 2 12 12

5. Surfac. p...b1.ity 0 ______

Sum of it. 2 t.h.VDUSk 5 34

B. NosLz.d zoo:. (.1Lttp1y tsm 7 x 100/48) 7.8
3 oodtn pot.iti.&i. 1 2 3 8 _______ 24

0. Adu,t.d patkys .00:.f a.t.m 1 .s 100, .at..r 100. If it.m 1 ii 0, 'at.:
s'. of 8 sad 9. If sum .xc..d. 100. .ut..r iøo. 70.8

22. Waa.s conta3..nt eff.etvsa..s factor (TaLL. 2) 0.5
12. Fina1 ace:, for auriac. w.t,: pat�zc1. (mu.2t1p2. 10 z it 11) 3.5.4

C2t-Ii?S QN SURA 1LAT PATUWAYS

11. Tanks and piping in good condition. No obvious spills. Drainage is
not separated or treated and feeds directly to city sewer.

F— 15



e tcat: Site ESS — Base Service Station

PCUNAT PAT!WAYS

tio1er ?othict Max.
(crc.A.. (scor. x

:seed :eie.s.s one

:2 Save contnit.s bean O.tected .n graunthwst..r? 0 100 1 100 100
: yes, •ssn score of 100 and proceed to 20.
:s no. mgn score of 0 and proceed to 14.

Pathway tharactur3tcS

'. Depth to s.ssia. gro*gdw*t.r fr base of
wait, or ccntinaied zoo. 0 1 2 3 9 - — 27

:5 Per.eb.Lty of the unsatuxaied zoo. 0 1 2 3 5 _______ 15

11. Infilt:at.on pct.nt.a1 0 1 2 3 _______ 15

S of its 14 ttroujn 16

:s. NoraLiz.d score (u.i.t..p].y 1t 17 x 100157)

:. Pot.nt.ai for thecret. features .n the .gsaturst.d
zoo. to ort-c.:cu.t" the pathway to th. wet.:
table 0123 5

20. Adjusted pathway; scare. If it 13 s 100. sat.: 100.
If it 13 is 0, sat.: sus of tt. 18 sad 1.If s exceeds 100, coT..: 100.

21. Wait. cont&.nt .ff.ctv.n..e factor (Table 5) ______

Z2. Fnai score for g:ow.t.r psthw.ys (u.ltipLy .tsa 20 x i.tsa )
100

4TS ON OU)IDW PATB&5

Known ground water contamination

F—i 6



e entficitian: Site BSS — Base Service Station

:::rAMNAr HAZJIRD -- SIAcZ WAT

: t&o.narts have b..n detact.d u surface water (scar. of 100 in 1 canplet.e 23 throu.h 28. If
:n.amnantz haVe not been detect.d (scar, of 0 .n 1) cpLete 29 throuV' 32. Attach Hazard Workth..t or L.st

contLlu.nants. as appropriata.

R,til .ozarLt
(c.rcis base 10)

on.JS of en n.aith hazard q,.1ot.nts (fr co1. 10 of Hazard
..orjcsheit) _______ _______

man health hazard scar. 0 1 2 4 6

ooa)..z.d hen h.aith hazard acore (.aLtply 24 x 100/6) _______

Su.i of ecoloca1 hazard uoti..nt.s (enter the LarSer of the •t of
co.u 11 or 12 of ifazard Worksheet) _______ _______

2:o...ogcal hazard score 0 1 2 3

456
Noroazed •cologcaJ. hazara score (.iltpLy item 27 x 100/6) _______

.. MaXZ humax nealth hazard index 0 1 2 3Q man anese
5 6 7 8 9 Cztaazant: g

I: Noralzed h.alth hazard score (.&lt.p1y 29 x 100/9) _______

). Maxi. .coLo.ca1 hazard ndex ________________

22. Noralzed .coio.cai. hazard score (alt.ply 31 x 100/6) _______

::iNA?tr HAZARD -. GROUNDUT

: co nnants have b. det.ct.d n growater (score of 100 n 13). colete 33 through 38. If eont.nents
ave not o.en detected (score of 0 n ts 13). cp1et. Lts 39 through 42. AttaCh Hazard Worksheet or list of
::ntannants. as appropr.ste.

of hen health hazard qotents (fr co1i. 10 of Hazard
—orSfleet>

—.an rieaith hazaro score

5. Scrazed h'.gan health hazard score (altiplv te 3'. x 100/8) _______

o of ecoloca1. hazard quotents (enter the larger of the s of
il o: 12 of Hazard WOrksheet> _______ _______

E:o..ogcai. hazard score

)5 Ncnai.z,d ecologcal hazard score (iJ.tiply i.te 37 x 100/6) 66.7

'axirnu han health hazard .nd.x 0 1 2 3 4

5 6 7 B 9 ontam.nant: _________________

-: Ncma..z.d hten health hazard score (mLt.ply .t.o 39 x 100/9)

-. Maxu ecolocal hazard nd.x 0 1 2 1. 6 Conta.nant: _________________

orma.z.d .colog.cal hazard score (multp1y item 41 x 100/6)

44.4

0 14 6 Contaznant: manganese
333

7.0x108 8.9

100

59.3 1.8

O 1 2

0123
056

F— 17



:. a.nt icson: Site BSS — Base Service Station

- Fna1 scors for nan ki.tlth r.cup.ors on surfac. w.t.r pathw.y.

rnultply ii X 100127)

0 1

1

o 1

o i2
o 1 2&

MuLtilisr Product *X.
acer. x

3 9 9

93 ____ 9

1 ___ 3

1 ___ 3

1 3 3

27 27

100

:c.Oc:A RZ?fZ -- s7A wi ir*s
of bota/hait.ata

suziacs w.t.r bod.a n..z.at th. a't.
v..nraU.y aff.ct.d 0 1Q3 S U) 15

. Pr.s.nc. of 'crtical .nvroxts wxth.n 1 ml. (16
sit..

k) of tha ) 3 1 C) 3

2. of item 50 d 51 10 ie
.

3 Final acer. for •colo$icaJ. r.cptora on surfac. wst.r pathway.
(rnultply 52 x 100/la)

NTS ON SURFACE WAT R!PTORS

F— 18

Scpr.
(Crcl.
on.)

HLATh REEPTS •- SURFACE WAT PATBWAY

- ?,ou.aton that obtatna d thnj wat..r I ro pot.ntaLLy affsct.d
wat..r edr(t.s) w,thin 3 uil.a c'..e ) doiinItre

.ar..r us. of n.az.st suriac. wat.r body(•s)

-5 ?opulat.an within 1000 ft (305 ) of Ut. a.t.
5 Ostanc. to th. n.ar.st nsiailaton boar)r
- arc us. andior 2Oflfl$ wtKn 1 .l. (1.6 ) of Ut. sits

.5 Sun f j.t. '.3 through 47



Ets Q.nti csti: Site BSS — Base Service Station

HUMAN REALTS RZPT.S -- GROUNt4AT PATBWAY
2Z! tier Product Max.
(ci,rcl. (score x
on.) lt.)

54 Esti.atod .an rondwatsr t:sv.L ti. fr currant. wait. Lecaton to 1 2 3 9 0 27
n..r.*t downrathsnt water supply well(s)

55. Eztiat.d mean $ro%mdwut.r trsv.l ti. fr currant waste Location to 0 1 2 15
any downgradisnt surface water body that aupp.i.s water for d,.stic
use or for food chain aricultur.

56 Growdwat..r use of the upp.rmost aqiaa.ier 0 1 3 4 8 12

57 PopL.to pct.ntial.y at risk fr gredwstsr contination 0 6 9 12 1 27 36
16

24 36

58, ?opultio wthin 1000 ft (305 m) of the a,.t.. 0 1 2 1 _______ 3

59. Distanc, to th. n.arsst installation boiQary 0 1 2 1 ______ 3

60. S of ts 54 thrah 59 ______

61. Final acer. for h health r.eeptors on ;roduatsr pathways
(l.tiply item 60 x 100/96) 58.3

ECOLOGICAL RZPTS -- GROUNdAT PATPS

62. E3t3.mat.d m.an romdwater travel tie. fr current wait, Location to 0 1 3 _______ 9
any dorad.ient hahitat or natural area

63. Iportanee/ ..nsitivtty of domgrademt hiota/hahit.ata that. ar. 0 3 6
confirmed or •uap.ct..d $reimdwater discharge point.

64, Presenc, of 'critical •nvirorenta' within 1 nile (1.5 ) of th. 3 1 0

15
55. St of it.ems 62 through 64 _______ 21

66. F..nal scor, for ecological receptors art grodwat.r pathways 71.4
(multiply item 65 x 100/21)

ON OWDWT RZPTS (attach add,ttionaj p.a if ne.d.d)
54. Ground water flow to Trinity River. No downgradient wells.

F— 19



Ctn.xt
he;sr score

44.4
it 23/30

33.3ir. 28/32

lopita 35/40

66.7
it.. 38/42

R.ce;ors score
100 —it 49

x ) /10.000 —it 53
x c - ) /10,000 —

61

x 71.4 ) /10.000 —
65

LIr! SRZ:

15.7 2 6.6 . (58.3 )2 5 + c47.6 = 20536.2
67 it 68 it. 69 jt.a 70

2 Ov.rdU sit. score — 20,536.2 — 5,928.5it 71

F—2 0

te enticatian; Site ESS — Base Service Station

:3E.INo SJPtlARY szr

7 Sirsce watar/h, Ies1th scores

Sursc. ws.sr/.eo1oIca1 scar..

GroI.mr3wat.r/ha h..Lth scares

ro,wat.rI.coLo;e&1 scores

?athw.',. score
35.4 x

12

35.4 xit. 12

100
22

100
it 22

Ov,r.U. score

15.7

47 . 6



t* •ntificat.OTi: Site LFO1 — Landfill 1

IURIACZ WATU PATBWAYS

3b.r.d rel...s.s on.)

I Hay, cantanants b.n dst•ct.sC in aurSac. watur? 100: ysa, aauip acer. of 100 and proc..d to it.m 10.
If no, aaaa.gn acer. of 0 and proc..d to it 2.

Pthwav caract.riat1es

2 D.atanc. to n.ur..t surfac. wst.r

Nut pr.cpitaton
4 Surfac. .rosion pot.ntial

5. Rainfall intsnaty

5. Surface psSaLtty
Suo of j,ts 2 trouk 6

5. Norallz.d scars (.iLtip1y it. 7 a 100148)

12

1 0

4 4

12

6

:rrs ON SURFACE W&TU PATEWAYS

2. 300 ft to Trinity River.

3. Mean precipitation = 31.9 inches. Lake evaporation = 57 inches.

4. From HARM FORM.

5. 3.5 inches.

6. 3 x to < 4.2 x 1O5

9. From HARM FORM.

F—2 1

Score
(circa..

1ttnLi.r Product
acer. x
uit.

0

Max.

100

12

3

12

12

9

0 1 2
1 2 3

2 3

0 1

0 13

9 F1eothn potsnta2 1 2 3

10. Adjust.d pathW.ys acer.
if it. 1 ii 100, .nt.r 100. If it. 1 s 0, .ntur
s of it. 8 and 9. If a .xcs.ds 100, •nt.ur 100.

,1. Waste cont.asnt •ifscttvsn.ss factor (TaLs 2)

02. Fin&1 acer. for aurfac. w.t..r paUa.aya (.pj,y it 10 x £t. 11)

34 48

70.8
0

70.8

0.1

70.8



e centfic.tcn: Site LFO1 — Landfill 1

U7JAT PATAYS

Score Mtit1e: ?ouct Max.
(c.rc)... (score x

:b-e reless.e one) 3Lt..)

:2 Save conr.nents e.n .t.ct.d in ounDwat.r? : 100
yea. aasi;n score of 100 anc proc.o to it 20.

If no. assi scor. of 0 and proceec to tem 14.

at,wsv cPtarscturiatios

Depth to s.asi&). hign &rodwetsr fr baa. of
waste or ccnt2.flIt.Q zone 3 1 2 3 9 _______ 27

..5 ?urm.e.lity of the st.d zone 0 1 2 3 5 _______ 15

:s Ifi1trat.ion potentia. C 1 2 3 _______ 13

Sum of its 14 throun 16 _______ 57

:1 Normaz.Q score (mu.tipi.y it 17 x 100/57)

:3. Fotentia.). for discr.te features in the .wsatu.rsted
zon, to s)ort-crc.u.t the pathway to the watur

C 1 2 3 5

2. Ad,ustad pathways score. CS jtwa 13 is 100, enter 100.

If £t 13 is 0, enter sum of its 18 end 19.
If sum .xce.ds 100, enter 100. 100, cotai.nt effectiveness factor (Ta1s 5) 1 _fl

Fnai. score for rodwst.r pathways (u.1.tiply it 20 x it 21) 1 00

OM DflDWAT PAT&YS

Known ground water contamination.
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:. iosnt at.On: Site LFO1 — Landfill 1

::A.MINA AZAR -. StFACZ WA

r :or rnnats hay. b..z d.t.ct.d surfac. wat.r Scots of 100 in it. 1). Xt3 2 through 28. If
::talTUant$ hay, not b..T 3.t.ct.d (icon of 0 n (J. tasa 29 through 32. AttaCh Razar WorkEi..t on £.st

COrtamflIrU.1. *5 ipprapriati

R.sui.t .o&arths
(c.nCis ba.. 0)

on.)
5o c huo n.aith hazard quoti.nts (fr coI 10 of Hazard
.OrtsflhSt)

:. oai h.aith hazard scot. 0 1 2 4 6

Normaj.z.d hin h.aLth hazard Scor. (1t.p1y 24. x 100/6)

of .co)..o;ca. hazard qaatsnt.s (.nt.r the largur of th. s of
11 or 12 of Hazard WonJsh..t) _______ _______

:1ogca1 hazaxd scot. 0 1 2 3

.co.o;.cai hazaro soon. iit.p1y t.a 27 x 100/6) _______

-ax.ns.u roan iia.th hazard nd.x 0 1 2 3 4
6 7 8 nant: manganese

h.a.th hazard scot. t.m 29 x 100/9) 414
Max .co.o;caJ. hazard ind.x 0 1 4 6 Co,t.aztant: manganese

3. Noaz.d eco.ogca1 hazard scot. (Lt.p1y 31 x 100/6) 3:3.3

::NT#MIMANT HAZJP. - -

:taminats hay. b..s d.t.ct.d n groigat.r (Scot. of 100 in 13) cost. it. 33 through 38. If cont&nants
nave riot o..n d.t.ct.d (Scot. of 0 tn 13). cnp1.t. ts 39 through 42. Attach Haz.xd Worksh..t or .st of
::ariaflt3. as approprat..

of h h.ath hazard q.ot.nta (fr cot 10 of Hazard 2 7x108 8 4
—OrLSh••t) _______ _______

n.a.th hazano scor. 0 1 2

)5. Nrnaz.d h.sn.n h.a.t.h hazard scot. (t1tipLv 34 x 100/5) 100

of ucoiogca1 hazard qot.nts .nt.r th. .arg.r of th. au of
1 or 12 of Hazard Workah..t) 102.5 2

I:o.og:aJ. hazard scot. 0 1 2 355 __Nrna.z.d .co.og.ca1 hazard soon. (mu.t.piy tt. 37 x 100/6) 66.7

axmutz humax n.aith hazard nd.x 0 1 2 3 4
6 7 8 9 cntam.tnant: ________________

- naz.o htsnan h.a.lth hazard score (r1tpy t.m 39 x 100/9)

-. sxu •co)..o;.ca1 hazard ind.x 0 1 2 4 6 ontamnirt: ________________

-: Norna.z.d .co1ogca. hazard scor. (iz1tp1y t.in 41 x 100/6)

29 & 31. Ground water contaminants were used. Only confirmed information on contaminants.
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1te ent.ficaton:Sjte LFO1 — Landfill 1

MA iL&LTE R EPTS -- SUREA WAT PATHWAY
Multitlier Product Max.

(c.:cI..e (scor. x
an•) ult.)

.3 ?.atron that obtains dzk.n water from pot.nta)J.y affected 0 1 2 3 9 9

surface water bc(t.e) wthsxi 3 miles (4.5 ) downatrs
__ 9- ater use of nearest surface water body(See) 0 1 2j) 3 ______ 9

3
.5 ?cpu.atiaz within 1000 ft (305 m) of th. sit. 0 1 2(3) 1 _______ 3

3
.5. Dstsnce to th. nearest ins ..Llation boda.ry 0 1 2(e) 1 ______ 3

and use and/or zonn within 1 ni).. (1.5 ) of the sit. 0 1 1 ______ 3

27Sum of ite 43 thuh 47 ______ 27

. Fal score for human health receptors on aurfac. water pathways
ultsp1y .8 x 100127) 100

E:Lc:A. RZPTZ -- wi. pwys

ortanc.zsnastivity of bicta/babitata in
surface water Dodi.s nearest the sit.

pot.ntiaU.y afi.et.d 0 13 10 15

5.. Presenc, of critical .nv5rorent, within 1 coiL. (1.5
sit.

km) of the 3 1 0

2. Sum of it 50 10

53. F.nal score for ecoko;ical receptors on surface water pathways
(multiply ito 52 x 100/18)

55.6

(1!( SURPACE WAt R.sEPTuKS

Information from HARM FORM

50. Trinity River, Lake Worth, and Fort Worth Fish Hatchery.

F—2 4



£ti i.dintific*ton Site LFO1 — Landfill 1

ECLOGICAL RZFrS -- GBOUNThJAT PArBWAYS

62. Est2mat.d m.an gtowdw.t.er travel t. Zr currant west. j.ocst.on to
afly dwnrad.int habtt.at or naturaL ar.a

53. Import.anc./s.naitivity of dawnradi.nt biot./hahit.at.s that are
ciied or $usp.ct.d Irourdwater dsthar;. ponta

64. Presenc, of crt.cal envrorments' within 1 rile (1.5 ) of the
sits

Poduci
(ice:. x.lt.)

58.3

54. Ground waiter flow calculated at 2 ft/day. 0.5 mile to nearest well, which is

a municipal supply well on the other side of the Trinity River, where gradient

is towards Base, thus no flow towards well.

F—2 5

((UMAN KEALTE RZF1S -- CRCNZ%lAT PATHWAY
Score
(crcl.

One)

Max.

54 Zst.rat.d me. grourdwater travel t.m. tr current wait.. Locst.on to
n.ar.st dowrgrathent w.t..r supply w.Ll(a)

2 3 0 27

55 Est.rat.d rn.. ;rotdwat.r travel t.rni fr current west. locatOr to 0 1 15 15
any d ngrad...rt surface water body that suppL.es water for dan.etc
use or for food cha,.n agrculture

56. c.:o,mdw.t.r use of the uppermost. aqu..f.r 0 13 8

57. Popr.laton pot.ntally at rsk fr grow.at.er contnat1on 0 5 9 12 1 27 36

24
1

36

56. Populat.ien within 1000 ft (305 rn) of the site 0 1 1 3 3

59. Ostarce to th. nearest i.nsteU.aion betidazy 0 1 2 1 3 3

60. S of ita 54 tough 59 56 ge

61. Final. scor. for h,.an health receptors on gromdwater patsssys
(e.ltiply item 60 x 100/95)

012G

013

65. S of its 62 through 64

56. F.nal scors for ecologcal receptors on $roxdwat.r pathways
(rmltipLy item 65 x 100/21)

3 9 9

6
3 ____ 9

1 0 3

15 Zi

71.4

0ttTS ON REPTcP.S (attach additiona.L pages if needed)



te ert,.caton: Site LFO1 — Landfill 1

:Ri? SUtIARY ST

7 Srfac. w.tsr/hi. hasith .cor.s

E wt.r/.co1o,ica1 acor.s

rozwat.r/ht h.alth acor.a

3:oidwat.ri,cc.tçaj scorsi

Pathwsy, cpr,
70.8

12

70.8
12

100
22

100
22

Ccnr.naflt
ha:sr zcp;. R,c.,tcrs score

44.4 100
_______ x _______ ) /10 000

25/30 M

33.3 55.6 ) /10,000 -
28132

100 58.3 ) /10.000 —
it. 35/40 61

66.7 71.4
> /10.000 —

it. 38/42 66

OversU. score.
31.4

13.1

58.3

47.6

ITZ 3cRz:

:31.4 ,2 x + 13.1 2 58.3,2 + ,47.6 2 — 24,372.7
67 68 69 it 70

v.raU. st. Coors — 24,372.7, 3.464 — 7,036.0
71
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1.0 INTRoDUCTION

This decisor, paper presents re results of an evaluation of

remedial alternatives for the Jeapons Storag& Area (WSA) at Carswcll AFB,

Texas, The evaluation was conducted as parr of the IRP RI/FS Stage 2 investi-

gation at Carswell kF The decisLor, paper describes the history of the

Carswell APE Weapons Storage Area 'WSA) and he geological setting at the

site, and identifies and evaluates alternat:ve control measures to achieve

remediation of contamjnatior: at he site The no-action alternative is

included in the eva,uation, as required h' zne "Ar Force Installation

Restoration Progra Management Gudanc.e Iie alternatives have been eval-

uated to recommend a cost-effective plan o: mitigating potential threats to

the environment from contaminated soi., ,,Lternatjve control measures have

been evaluated on t'ie basis of site cond :ions described in the IRP RI/PS

investigation repox:s prepared by CH2M-H,,I. Records Search) and Radian

Corporation R1'FS Stage 1. and Stage 2



2. 0 BAKCR0UL

The weapons Storage Area is ii cc approximately five miles to

the west cf the base north of Whrte Settlement Road. The facility is on

approximately acres of land, and is surroinded by approximately 264 acres

of easement This and is located between :wc forks of Live Oak Creek. The

WSA is the only off-oase facilt' included . the Phase II study. The

facility was constructed in 1956 and include. two munitions inspection shops,

16 storage buildings a radioactive waste disposal facility, and an Explosive

Ordnance Disposal range t rias been reported that waste cleaners and

solvents suspected paint thinners and tri: ,oroethene) had occasionally been

disposed of on the around beh:nd e inspe:: .on shop Quantities were

estimated to be 5 t: 10 gallons pe'. "ear

The SA .s locatec or .he our::: or the Fredericksburg and

Washita Groups Soi.s at the site are or. few feet thick, and ground water

was not encountered in. tnis :r-.:r. sof. zone r.ring Stage 2 activities.

Contaminants at the s:te occur :r ver' tc ncentrations and appear to be

retained in the s'haiow 5Oi5 of r:e di:cr eacent to the inspection shop.

oi. samples were ooec:ed t'.o: the citch at the locations shown

on Figure 2 I and were analyzed as part ne :RP Rl/FS Stage 2 investiga-

tion. Analytical results for so: samp1e 1lected in IRP Phase II Stage 2

are summarized ir, TaDles l- and -2 An: :mor,v selenium, and several

volatile and semivo,.ati.e organic compounu,. re the principal contaminants of

concern at tnrs s:t

asec cn the res :s -f the :se me risk assessment conducted

during the RI/FS. the '.eapor'.s Storage Areo roes not pose an immediate and

direct health hazard however remedia a :- 15 appropriate to reduce the low

risks associated with th:s s:re



3NCRETE £RE&

Figure 2 ocaor. : amp Pc:nzs, Jeapons Storage Area,
:arsweli FF, Texas
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3.0 ALTERNATVE CONTROL MEASURE

3.1 1dentiflcacn cf A.terflatve .ntro1 Measures

A matrix of possih emeda ecririologies was developed for

consideration of contaminant contro at the weapons Storage Area as part of

the Rl/FS investigation Further analvs. and evaluation of these tech-

nologies has resulted ir. the grouping of echnologies into three alternative

control measures, listed below

NC actior.

2 Excavate contam.nated from the ditch and dispose of

SOLI ir. a andf:1

tame as K. ternative ex...ep: incinerate contaminated soil

nstead of using a 1ancf

3.2 Screenzn of Aterriat:ve or::: Measures

The alternative contr1 meas..re L3entjfied in Section 3,1 were

screened to select a technically feasible and :ost-effective plan for control

of contamination at the weapons Storage re The control ueasures were

screened according to the fo1iowing cr:ter

oncentra:..or. and dist .t:.cr of contaminants at the

eapons Storage Atea

2 :echnicax :easibiitv 8r,C effectiveness of possible

temedial. alterriat.ves

.3 Estimated cost uf eacr o ernative; and

-. hegu.ator. oompiance



3.3 Eva.uatior o lternatve Cont:ceasures

Tabe 3 summarizes :ne resu the evaluation of the iterna-

tive control measures The esttmated cost. sted in the table have been

developed froni a conceptua. application o various control technologies to the

site, and as such should be used for oompa:a::ve purposes only. Assumptions

used to estimate costs were trat contaminaec seLls occur in the ditch over an

area of approximatei; 1800 f' 600 ft long 3 ft wide) and to a depth of

approximately 3 feet These costs should no oe used as a basis for budgetary

planning or funding urposes or ontractcs r subcontractors. When a

specific design alternative :s chosen and - ularory compliance is assured, a

detailed cost analvscs can thr be perform:



TAE 1 3 - . NARRATIVE MATRIX
TECHNICAL EVALUATION OF ALTERNATIVES

Engineering Regulatory
Alternative Cos (S Feasibility Compliance

i. No action

2. Excavate contaminated r03 Proven tech- TWC approval
soil/landfill2 ncLogy necessary

3. Excavate contaminated 300 Proven tech- TWC approval
soil/incinerate nc logy necessary

Costs based on excavation and hauling of approximately 200 yd3 of con-
taminated soil. These costs are based n a conceptual application of
remedial technologies, and therefore shuid not be used for detailed

budget planning purposes

2 Special waste (non-niazardou anidfil



4.0 RECOMMENDAT:ON

Alternati1e s ecomended eiection as the preferred

rexnec.ai aternative This a:ernazive pro'ides for removal and disposal of

potentially contaminated sois Since the ontaminant levels in the soils are

low, based on availabLe analytical data, disposal of the excavated soils at a

non-hazardous specia waste andfili is cst -effective and expected to be

acceptable to TWO.

This ac: :oo :aen under th- atcrity of
the Air Force under Executive rder ...25B0 o
conduct remova: it accordance with Section
Z0 of CEROLA L+2 JSC 960L : a::oord.ance:t 0 JSC 2O5, iediate nct:fication of
this decisico wiL be provided to JSEPA
egion E and to toe Texas Water ossion
for review and coent prior t nrlementation.

OONAL 0. COOK, Colonel, USAF
Tha:rrjat, Environmental otection Coittee

-4

Base Civi_ Engineer





SWMU No. 16, Bldg. 1060 Waste Accumulation Area

Bldg 1060 is a Corrosion Control Shop for the Field Maintenance
Squadron. The shop operations Include paint stripping, cieaning and painting
of small aircraft parts. The waste accumulation area Is a container storage area
for waste generated from shop operations. Waste is stored In 55-gallon drums
on wooden palets in a fenced-off area of the asphalt parking lot. The fenced off
area is approxImately 20 feet wide by 40 feet long. The unit Is not covered.
Waste Is transported by truck from this unit to the Central Waste Holding Area
(SWMU No. 53). The fenced storage area was recently replaced by a curbed,
covered accumulation point in the same vicInity.

The unit manages paint lacquer, MEK with polyurethane paint, paint
stripper, PD-680, plastic beads contaminated with paint, the lifters from the paint
booth, and rags containing paint and MEK. The unit manages approximately
three 55-gallon drums of paint stripper every three to four months and three 55-
gallon drums of PD-680 every three to four months.

At the time of the visual site inspection in February 1989, a dark stain on
the soil was observed at the corner of the unit. The stain extended to a shallow
storm water drainage feature approxImately 20 feet from the unit. Staining was
also obsrerved near the edge of the drums.

Samples will be taken In and around the area of the old stain to determine
If any soil contamination exists. Samples will be analyzed for total petroleum
hydrocarbons, purgeabie halocarbons, and purgeabie aromatic hydrocarbons. if
any contamination Is found, the affected soil will be removed, properly disposed
of, and replaced; clearance samples will also be taken. There is no documented
history of releases to groundwater, therefore, groundwater will not be sampled
unless soil sample results Indicate possible groundwater contamInation. A
detailed preliminary remedial action plan will be submitted at a later date.



SWMU No. 32. Bldg 1410. Waste Accumulation Area

Building 1410 Waste Accumulation Area is an outdoor, uncovered,
concrete-based container storage area. The unit manages wastes generated by
the Engine Shop and Wheel and Tire Shop inside BuIlding 1410. The waste
from the Engine Shop is managed In drums on wooden pallets occupying one
half of the site, while the waste from the Wheel and Tire Shop is transferred to
drums occupying the other half of the site. in addition to the 55-gallon drums,
the unit also consists of a 500-gallon tank. A contaminant retaining wall
consisting of sandbags stacked two high is located along the perimeter of the
unit. The unit is located approximately 25 yards from a storm drainage ditch.
Some of the drums have open bungholes, others are secured by metal plates
and locked. Wastes from this unit are disposed of by contractor removal
through DRMO. A new curbed, covered accumulation point was recently
constructed a this site and now houses all hazardous waste and hazardous
material.

The unit manages 7808 engine oil drained from Jøt engines, carbon and
fingerprint removers, PD-680 (Type II), waste JP-4 fuel, and a solvent
manufactured by Rochester Midland designated SE 377E. The carbon and
fingerprint removers are degreasers. The unit manages approximately 600
gallons of 7808 engine oil per year, 200 gallons of carbon and fingerprint
remover per year, 550 gallons of PD-680 Type ii per year, and 300 gallons of
waste JP-4 per year.

There Is no documented history of releases for this unit, but during the
visual site Inspection conducted in February 1989, the concrete within, and to
some extent outside the sand bags, was stained with oily material that had
either leaked from a drum or been spilled at this unit.

Soil samples will be taken to accurately define the area and depth of
contamination that requires clean-up. Samp'es will be analyzed for Total
Petroleum Hydrocarbons, BTEX, and TCLP for lead and chromium. Upon
completion of the sampling, the contaminated soil will be remove, properly
disposed of and replaced; clearance samples will also be taken. There Is no
documented history of releases to ground water; therefore, groundwater wIll not
be sampled unless soil sample results Indicate possible groundwater
contamination. A detailed preliminary action plan will be submitted at a later
date.



SWMU No. 35 Oil/Water Separation System

This unit consists of a main trench floor drain, underground conduits, and
an oil/water separator outside Building 1194, VehIcle Refueling Shop. Floor
rinsate washes down the drain through the conduits to the Oil/Water Separator.
There, the oil Is skimmed from the wastewater and the wastewater is pumped
out onto the parking lot surface. The parking lot slopes towards the
surrounding bare ground where a storm water sewer catches runoff from the
area. The floor In the building is paved with concrete and slopes toward the
drain. The trench Is approximately 1 foot deep, 18 inches wide and 30 feet long.
Reportedly, the underground conduits are also constructed of concrete. The
oil/water separator Is a below-ground concrete box located beneath an
asphalted area. It is comprised of two main units, one for separation, and
another for holding the skimmed oil. A pressure gauge sticking out of the
ground Indicates the oil level in the oil holding tank, and thus, the need for
pumping It out. The separation unit has a capacity of 2,000 gallons. The
construction details of the unit were not documented.

The unit manages floor washings which consist of wastewater
contaminated with fuel, PD-680, anti-freeze, and transmission fluid, as well as
waste oil.

There is no documented history of releases for this unit. Separated
wastewater is reportedly released onto the parking lot surface. At the time of
the visual site Inspection conducted In February 1989, the soil in the area's
runoff pathway appeared stained with oil.

Soil samples will be taken to accurately define the area and depth of
contamination around the storm sewer drain. Upon completion of the sampling,
the contaminated soil will be removed, properly disposed of and replaced;
clearance samples will also be taken. Samples will be analyzed for Total
Petroleum Hydrocarbons, TCLP for lead, and BTEX. The process for pumping
out the holding tank In the separation system has been changed to eliminate the
dumping of separated water onto the parking lot and subsequently
contaminating the surrounding grassy area. Since the dumping of wastewater
no longer is occurring, the removal of contaminated soil, confirming samples
and backfllilng with clean soil should complete the clean-up and restoration of
this area. There Is no documented history of releases to ground water;
therefore groundwater will not be sampled unless soil samples results indicated
possible groundwater contamination. A preliminary remedial action plan will be
submitted at a later date.



SWMU No. 36, Bldg. 1191, Waste Accumulation Area

This unit is located east of the Vehicle Maintenance Shop (BuildIng 1191), at
the corner of the parking lot. It holds wastes in 55-gallon drums from Vehicle
Maintenance Operations. In addition, waste drums from various squadrons are
held In this unit. Some of the drums rest directly on the asphalt pavement,
others are on pallets. The waste drums from this unit are transferred by truck
to the Central Waste Holding Area (SWMU No. 51). These drums are not picked
up regularly; during the VSI conducted in February 1989, a facilIty representative
stated that the last pickup had occurred in October 1988. Sand bags are located
in the back of the unit for emergency containment of smail releases. There are
no provisions for secondary containment and the unit is adjacent to bare
ground. Runoff drains onto unpaved ground and flows to an unilned storm
water culvert. Evidence of oily material spIllage was noted during the VSI. it
included soil and asphalt oil staining as well as an oil film in the ponded
rainwater.

The wastes managed include leaded and unleaded waste oil, drummed
separately, waste MOGAS and waste antifreeze. These wastes may contain
RCRA-hazardous materials.

There Is no documented history of releases for this unit. Evidence of oily
material spillage was noted during the vIsual site inspection conducted In
February 1989 including ground staining with oil and an oil film in the ponded
rainwater.

Soil samples will be taken to determine the area and depth of
contamination. The contaminated soil will be removed, properly disposed of
and replaced; clearance samples will also be taken. Samples will be analyzed
for total petroleum hydrocarbons, TCLP for lead, and BTEX. There Is no
documented history of releases to groundwater; therefore, groundwater will not
be sampled unless soil sample results Indicate possible groundwater
contamination. A detailed preliminary remedial action plan will be submittd at a
later date.



SWMU No. 61, Bldg. 1320. Power Production Maintenance Facility Waste
Accumulation Area

This unit is an outdoor container storage area for waste generated from
Inside BuildIng 1320. Maintenance work on portable generators is conducted
Inside BuildIng 1320. The unit consists of approximately twelve 55-gallon drums
resting on wooden paliets which rested on railroad ties. The unit has a gravel
base. The unit Is uncovered and without a berm to provide secondary
containment. Some of the drums are grounded. Some of the drums are not
labeled; others were labeled but the writing Is not legible. A bunghole on one of
the drums was observed to be open, and another drum had a label dated 16
September 1986. Generally, conditions at this unit are poor. The outdoor
storage area was recently replaced with a covered, curbed accumulation point.

The unit manages waste antifreeze, waste oil, and waste PD-680. Several
5-gaiion cans of a hard material similar to rooting tar are also at this unit.

At this time of the visual site Inspection conducted in February 1989, oIly
runoff from the unit was drainIng to a storm sewer (Storm Water Drainage
System, SWMU No. 53).

Soil sampies wiil be taken to determine the area and depth of
contamination. The contaminated soil will be removed, properly disposed of
and replaced; cleaner samples will also be taken. Samples will be analyzed for
Total Petroleum Hydrocarbons and BTEX. There Is no documented history of
releases to groundwater; therefore, groundwater will not be sampled unless soil
sample results Indicate possible groundwater contamination. A detailed
remedial action plan will be submitted at a later date.
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